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Any coal is grist for the Bowl Mill 
.../t grinds tine, fast—and efficiently 


Lignite in Spain semi-bituminous Holland Petro 
leum coke in Indiana C-E Raymond Bowl Mills pulverize 
just about every type of coal to feed boilers in power plants 
all over the world 

Here are nine important reasons why C-E Raymond 
Bow! Mills have become the international standard of the 
utility industry 

1. Handles High Moisture Fuels. Even lignite with 50 
moisture is thoroughly dried because the Bowl Mill pre 
mixes raw coal with the dried product in an atmosphere up 
to 700 F air 

2. Low Power Consumption Low weight of grinding ele 
ments, rapid flow of coal through mill, fast drying and 
prompt removal of fines all combine to assure minimum 
power use; 

3. Reduces Sulphur in Flue Gas Because the mill rejects a 
substantial amount of pyrites, sulphur content of flue gas is 
materially reduced; 

4. Continuous Service No met ntact between 
rings and rolls minimizes we Contir Ss operation for as 
l 1s 20,000 hours is not u 


ng 


5. Low Maintenance Uninterrupted service means lower 
maintenance. Outage time is minimized because of ease 
with which mill can be taken apart and reassembled 


6. Fineness Control Necessary adjustments to change fine 
ness are made externally. No need to stop the mill 


7. Automatic Grinding Adjustment—Spring-loaded journals 
compensate instantaneouly and automatically for varia 
tions in fuel 

8. Infrequent Lubrication—When lubrication is required 
it can be done externally, without taking the mill out of 
service; 

9. Vibrationless—Quiet— Lack of metal-to-metal contact 
between grinding elements assures quiet, vibrationless 


operation 


The Bowl Mill is a result of Creative Engineering—the 
C-E approach to providing advanced design boilers and fuel 
burning equipment for all fuels and steam requirements. If 
pulverizers are included in your present or future expansior 
programs, why not investigate the Bow! Mill more fully? 
Our Catalog PC-8 gives detailed information 
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REPUBLIC ELECTRUNITE BOILER TUBES ore produced from highest 
quality flat rolled open-hearth steel and manufactured by Republic's 
exclusive process that ELECTRically-UNITEs the tube under pressure 
without additional foreign or extra metal. Each length of ELECTRUNITE 
is hydrostatically or electronically tested to conform with applicable 
ASTM specifications, and the ASME Boiler and Pressure Code 
ELECTRUNITE is specified for the big jobs because dependability is 
built-in. The ELECTRUNITE process assures uniform wall thickness, 


uniform ductility, uniform diameter, and true concentricity. Bends 


are smooth and uniform. Rolling-in operations are easier 








POWER FOR PAPER MAKING... 


with REPUBLIC ELECTRUNITE BOILER TUBES 


Continuous, dependable power is one of the first 
requirements in paper making. That is why Republic 
ELECTRUNITE Boiler Tubes are on the job in the new 
boiler plant of the West Virginia Pulp and Paper 
Company, Covington, Virginia 

Erie City Iron Works, Erie, Pennsylvania, were 
designers, engineers, and erectors of the unit, produc- 
ing 77,900 pounds per hour at a normal operating 
pressure of 170 pounds. Waste black liquor from 
digestion of pulpwood is burned in a rotary incinerator 
and the hot gases are fed into the boiler, producing 


steam, the power for paper making. 





FARROWTEST REJECT TABLE 





Defective Area 
(Length, Depth 
(Length or Depth) Plane) 


0.006 IN. 0.0025 Square inches 


Miner Dimension ; 
| 
i 
0.006 IN | 0.003 Square inches 
| 
| 
| 


Wall Thickness of Defect 


(B.W. Gage) 





18 

16 

14 and 13 

12 and Heovier 


12.5% of Wall 0.003 Square inches 
12.5% of Wall 0.004 Square Inches 


| 
| 
| 
| 
20 
| 
| 
12.5% of Wall 0.005 Square inches 





FARROWTEST detects and rejects not only tubing containing defects 
which completely penetrate the wall; but also tubing with defects 
equal to, or greater than, those shown in this table. For irregular 
defect shapes, a tube with defect crea equal to or greater than 
shown above is rejectable. Where required, sensitivity of FARROW- 
TEST equipment con be calibrated to reject defects of lesser speci- 
fied area than shown in table, ot extra cost 








FARROWTEST— QUALITY YOU CAN MEASURE. Not o laboratory theory, not a 
mere inspection tool, but an exclusive production test thot detects and 
rejects tubing containing defects of critical size. FARROWTEST is offered as 
an alternative to other less positive tests in accordance with the table 


above, at no extra cost 


REPUBLIC ELECTRUNITE STAINLESS STEEL TUBING resists corrosion and provides 
long trouble-free service in heot exchanger, condenser, evaporator 
operations. When water is a problem, coll your Republic representative, 


or send coupon for additional informatior 


ELECTRUNITE is produced by an exclusive process 
universally accepted by leading technical authorities, 
code societies, boiler and heat exchanger manufac- 
turers, Federal and State committees, and boiler insur- 
ance requirements. 

Full normalizing, uniform wall thickness, diameter, 
true Concentricity, assure easy workability and inservice 
dependability. Bends are smooth, uniform. Rolling- 
in Operations are easier. 

To learn how ELECTRUNITE can offer you greater 
savings in installation time and operating costs, call 
your Republic Representative. Or write. 


REPUBLIC STEEL 


Weleda idea huge 
, Sliudard, Sols ava, Stok, Prodi 


REPUBLIC STEEL CORPORATION 
DEPT. CB-9757 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send more information on the following products: 
O) Republic ELECTRUNITE?® Boiler Tubes 
O Republic ELECTRUNITE Stainless Steel Tubing 


Name suneatep tai Mincstuntnanens 
Firm 

Address ae 

State. 
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() FARROW TEST® 


Reporting more news fro 
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NEW CRANE FORGED STEEL GATE VALVE 
600 psi @ 900 F: 800 psi (a 850 F: 2000 psi 
WOG. Screwed Ends No. 3601 XU: Socket Welding 


Ends No. 3605 XI Sj V4 through on 
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THE NEW SMALL 
FORGED STEEL 
GATE VALVE 


This is a whole new valve, not just one 
with a new feature added. This redesign 
incorporates all the features you told us 
you wanted plus a few others we know 
will make this valve a better buy in terms 
of longer service life, less maintenance 


easier and faster servicing. 


Like the new “bow-leg” yoke, which for 
the first time gives you plenty of hand 
room for easy stuffing box maintenance. 
And like the long-life braided asbestos 
packing, with Inconel wire insert. The 


“universal” trim that can be used for 


either oil or steam, eliminating many of 


your stocking problems. The spiral wound 
stainless steel bonnet gasket with asbestos 
filler, made blowout-proof with a male- 


female joint. 


But what we really want you to remem- 
ber. more than any single feature, is that 
this ( rane valve is the newest all new 
valve on the market... well worth con 
sidering when you need small, high-pres- 
sure steel gate valves. We'd like you to 
compare this new valve with any other 


comparable valve feature for feature 


Your local Crane distributor has tech- 
nical literature and a complete selection 
of these valves right in stock. Call him on 
small steel gates. In fact, he’s your best 
het to call no matter what valve you want 
because he carries the broadest line of 


quality valves in the world, 


® 


4 CRANE) 


CRANE CO., INDUSTRIAL PRODUCTS Grour 
4100 8. KEDZIE AVE . CHICAGO 42, ILI 
VALVES + ELECTRONIC CONTROLS + PIPING 
PLUMBING + HEATING + AIR CONDITIONING 

















Three-inch wall main steam piping. Boiler will operate 
at 2400 pounds per square inch and 1050° Fahrenheit. 


Race track for 227,000 horses 


At Ohio Edison’s new Stratton power station, auxiliary systems. This is the first of four 170,000 

high pressure, high temperature steam races kw units to be installed at the Stratton station; 

through this heavy wall piping at 125 miles per Dravo will fabricate piping for all four. 

hour, creating more than 227,000 horsepower Inquiries are invited on this or any of the 

in the turbine. engineered products and services listed below. 
In addition to main steam and boiler feed lines Write DRAVO CORPORATION, PITTSBURGH 

the project included instrument piping and all 25, PENNSYLVANIA. 


= a: . 

Saas. pote ul = DRAVO 
Se . =~ + Jit od - 4 . } 

bis ‘A\ ont) = eer \ —+itS co RP ORATION 

towboats, barges, river transportation - - gas & oil pumping stations - ore & coal bridges - pumphouses & intakes 


4 mull lubncation systems - foundations - grating 


——> 


atin . ‘<= 
my M Pie en Aes as + ‘ mechanical construction - process equipment 
a oe Md Nixa. est He . oS. | AS , = __ locks & dams - vibrating screens & conveyors 


boiler & power plants + heaters - docks & unloaders - fabricated piping - bridge sub-structures - river sand & gravel - sintering plants ready-mixed concrete - dredging - pile driving 


* ~ 
ja ah) { A marine repairs - gantry and floating cranes 
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CONVENIENT 


| 
Quicaty re 


impr oved Yarway Color-Port Gages 


for medium pressure boiler service 
to 1050 psi—with new “Welbloc” Gage 
Valves—offer you reduced maintenance, 
increased operational time, brilliant 


red and ‘green level readings. 


Write yer new apa satiate WG-1815 
YARNALL-WARING COMPANY, 100 Mermaid Ave., Philadelphia 18, Pa. 


A FEW OF THE 
MANY SATISFIED USERS | 
OF COLOR-PORT GAGES | 
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PROOF OF PERFORMANCE 
FPC’s list of “most 


finds Bailey users 


ST. CLAIR (The Detroit Edison Co.) 


averaging 9222 Btu/kwhr 


top 11, 1954-1958, 


L2e5 * - 2 s oer 
KYGER CREEK (Ohio Valley Electric Corp 


1955-1958, first in 1955, averaging 9164 Btu/kwhr 


top Six, 


MUSKINGUM RIVER Ohio Power ¢ ompany 
1954-1958, averaging 9216 Btu/kwhr 


top fiv e, 


7 at oe ia 
a yep + 
a —s 
TANNER’'S CREEK (Indiana & Michigan Electric Co top 
nine, 1954-1958, first in 1956, averaging 9204 Btu/kwhr 


KANAWHA RIVER Appalachian Power Co.)- 
1954-1958, first in 1954 and 1957, averaging 9128 Btu/kwhr. 


top three, 


as 
BAY SHORE ‘The Toledo Edison Co.)—top ten, 1956-1958, 
averaging 9241 Btu kwhr. 
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efficient plants” 


as consistent repeaters 


Thirteen of the 15 most efficient power plants on the Federal Power Commis- 


sion’s 1958 list use Bailey Meters and Controls. 


For most of these plants, this marks the fourth or fifth consecutive year of 


top-ranked operating economy. 


It is significant to engineers responsible for steam plant design and operation, 
that so many of these top performing plants are using Bailey Meters, Com 
bustion Controls, Feed Water Controls and Superheat Controls. 

Today, for breadth of product line, depth of experience and leadership in 
practical plant automation, no one can offer more to the power industry than 
Bailey. To apply Bailey’s capability to your specific needs, check with the 


Bailey District Office or Resident Engineer listed in your phone book. 


instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD «+ CLEVELAND 10, OHIO 


In Canada— Bailey Meter Company Limited, Montreal 


CLIFTY CREEK (Indiana-Kentucky Electric Corp.)—top five, PHILIP SPORN (Appalachian Power Co.—Ohio Power Co.) 
1955-1958, averaging 9155 Btu/kwhr. —top fifteen, 1954-1958, averaging 9378 Btu/kwhr. 
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Coal operators on the C&O have done a revo 
utionary job of modernizing, in both mines and 
preparation plants to economically 

quality coals. These investments 

the fuel of the future 
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COAL IS ECONOMY - proved in 


countless studies with competitive fuels 


As forward-looking fuel users continue to rediscover coal, a growing file of case histories 
proves out the economy, versatility and convenience of coal utilized with modern 
combustion equipment. Here are a few graphic examples. 

A sprawling university undergoes plant modernization, upgrades heating efficiency 
75%. Coal saves a military institute $15,041 yearly over competitive fuel. A machine 
shop saves $7,787. Coal conversion gives a small tool plant completely automatic 
operation at lowest cost. An automotive assembly plant reports not only fuel 
economy but low maintenance, high efficiency and cleanliness as well, from its new 
coal operated steam plant. 

The point is this. Modern advances in coal preparation, handling and combustion 
equipment have vastly improved the advantages of this biggest bargain in fuel. Today 
it is mined and transported more economically than ever. And coal is the one fuel 
certain for centuries, not decades. 


Chesapeake and Ohio Railway 
Terminal Tower *« Cleveland 1, Ohio 


C [dindabititg ine Phan ppeitaion 


A modern boiler room in paste Ws C&0 Fuel Service Engineers provide free The 5100-mile Chessie Route directly 
clean, almost clinical appearan tomatic consultation to C&O patrons on combustion, serves over 300 mines in America’s richest 
sealed handling of coal and ash e nates dus application, equipment, or plant arrangement bituminous coal reservoir with the finest 
Advance-design combustion equipment gets t problems. Write to R. C. Riedinger, General fleet of 68,000 coal cars. Specify C&0 
BTU's from low cost coal Coal Traffic Manager, above address routing for dependable, efficient delivery. 


CHESSIE SERVES THE COAL BIN OF THE WORLD 
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The C-E Vertical-Unit Boiler, Type 
VU-S5S, is designed to bring central station 
type of performance to the “standardized” 
boiler market. 

It combines a number of time-tested and 
service-proved features such as Tangential 
Burners, pressure-tight casing and tangent 
furnace tubes. This bottom-supported unit 


P 





| 
: 


requires no outside supporting steel, is eco- 
nomical of space and has an uncluttered, 
streamlined appearance. 

The VU-55 is available from 70,000 to 
150,000 Ib of steam per hour. It is designed 
for three pressure ranges (250, 500 and 750 
psi) and can be equipped with a super- 
heater to provide temperatures up to 800 F. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 
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a “standardized” boiler with “custom-built” performance 


The unit is symmetrical in design, per- 
forms efficiently over a wide range of output, 


and is exceptionally easy to operate and 
dota COMBUSTION 
When you are considering additional [= AJ Gi NEERING Ke 


steam capacity in the quantity range men- C.26) 
. . . P Combustion Engin: Build 
tioned above don’t fail to investigate the eae ry 


200 Madison Avenue, New York 16, N.Y. 
Canoda: Combustion Engineering-Superheater Lid. 


advantages of the VU-55. 


PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 


COMBUSTION ‘August 1960 13 














Reduced Pressure Drop /U 


Power industry advances in unit size created a need for large, high pressure 
steel valves (ten inch size and larger, 1500 |b class and higher) with three basic 
qualities: 1. Permanent tight seating; 2. Capacity to handle high flow rates 
being encountered in new, high pressure plants; 3. Reduced downtime through 
simplified maintenance. Edward researchers developed the Flite-Flow* design 


~. 


to satisfy that need. This is their story. 


In 1951 Edward had already developed 
large cast steel globe valves with excellent 
dependability and repairability. Long experi 
ence in building inclined stem Y-type valves 
in small sizes indicated that this configura 
tion offered a more efficient flow path. Ed 
ward research engineers set out to learn 
whether sufficiently strong pressure contain 
ing structures might be built in the Y-type 
design in larger sizes. They also sought to 
find out if pressure drop could be reduced suf- 
ficiently to make such a valve practical for 
high pressure power plant services 


Che project consisted of three steps: 


1. INTERNAL CONTOUR DESIGN — Flow tests 
were conducted with a series of plastic mod 
els. Early in the testing program it was ob 
served that flow capacity was not always 
directly related to the size of the opening 
Reduction of turbulence proved to be even 
more important. This eventually led to subtle 
internal contour changes to pre-shape the 
flow before passing through the valve seat 
More material was added to certain internal 
areas to gain additional structural strength 


2. DISK GUIDING TESTS To compensate for 
the angular position of the stem-disk assem 
bly tests were conducted to determine wheth- 
er conventional three-point guiding used in 
vertical stem Edward valves would be ade- 
quate for the inclined stem design. Experi 
ments suggested that four equally spaced 
guiding surfaces would be superior. This is 

nportant in floating disk types such as 
cneck or stop ‘ hec k valve Ss where d sk p ston 


assembly must seat automatically 


"TM. Reg. U.S. Pat. Off. 


W. G. Lunt, reseorch engineer, and E. B. Pool, chief re- 
h engineer, study flow phenomenc in plastic half- 
of tentative Flite-Flow design 


Edward research team lowers experimental valve into 
test furnoce where it is subjected to prolonged extremes 


of hect and pressure. This was one of the final steps in 
the development of Flite-Flow valve design 


~N 


3. STRUCTURAL STRENGTH—The usual 
weakness of a Y-type pressure containing 
vessel received much attention. Optimum 
valve contour as determined by flow testing 
permitted use of a structural member in the 
flow passage at the downstream side of the 
seat port. This structural member provides 
strength exactly where needed without sig 
nificant increase in pressure drop. Intro 
duction of this segment to the valve body 
casting without sacrifice in pressure drop 
was a significant achievement 


RESULTS: This program covered a period of 
six years. Tests of the completed design were 
most gratifying. Structural stability, a major 
problem, was excellent. Strain gage and 
brittle lacquer tests of finished valve bodies 
showed stresses well within acceptable limits 
Pressure drop reduction amounted to as 
much as 70 per cent from best previous globe 
valve experience. Extended tests of finished 
product at pressures and temperatures above 
rating showed no operating weaknesses, The 
Flite-Flow is truly a dependable, repairable, 
low pressure drop valve 

Edward builds a complete line of forged 
and cast steel valves from 4" to 24” for in 
dustrial, marine, petroleum and technological 
services. For more detailed information, con 
tact your Edward Representative, or write 
Edward Valves, Inc., 1206 West 145th Street, 
East Chicago, Indiana. Subsidiary of Rock 
well Manufacturing Company. Represented 
in Canada by Lytle Engineering Specialties 
Ltd., 438 St. Peter Street, Montreal! 


EOWARD STEEL VALVES 


| ROCKWELL® 





Cutaway view of Flite-Flow valve showing how in- 
clined stem Y-type valve configuration has been adapted 
to larger size units for power plant services. This internal 
contour design enabled Edward research engineers to 
substantially reduce pressure drop 








H. J. Heinz relies on Copes-Vulcan 
reducing and desuperheating station 
to handle big changes 

in steam demand 
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Working with flow rates that vary from 0 to 70,000 pounds per hour, this Copes-Vulcan reducing and 
desuperheating station holds process steam to plus-or-minus 4 psig and plus-or-minus 5 degrees F. with 
only 16 degrees F. superheat. Wide fluctuations in steam requirements often occur extremely rapidly 
at the H. J. Heinz plant in Pittsburgh. On a typical day, the load increased from 0 to 47,000 pounds 
per hour within 15 minutes, then dropped back to 5,000 pounds per hour in even less time. 

Made up of a Copes-Vulcan Variable-Orifice desuperheater and diaphragm operated Type CV-D 
valve, this type of station represents a new approach in process steam control. Since its installation 
over a year ago, the station has maintained an outstanding record for continuous accuracy. 

Whatever your operating conditions, Copes-Vulcan has the desuperheating station for controlling 
your reduced steam temperatures. Besides the Variable-Orifice type, the line includes a Steam-Assist 


type and a Carburetor type. Write for details. 


Copes-Vu/can Division 


Copes-Vulcan Division, Erie 4, Pennsylvania. S34 Mi VW - KMOX 
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NEW - a ‘ 
~ COOPER-BESSEMER [iuamecames 
_DMR-3 THREE-STAGE 
AIR COMPRESSOR 
FOR 
SO0T-BLOWING 


200 TO 400 HP 
















S. D. Greiner, Air Compressor Sales Engineer, 
The Cooper- Bessemer Corporation, explains... 


How Cooper-Bessemer'’s 
new, compact Air Compressors 
cut soot-blowing costs 


Compressed air provides important cost 
savings for soot-blowing in coal or oil- 
fired power plants. Glance at the list of 
advantages shown at the right. 

Now, Cooper-Bessemer introduces 
further economies in favor of AIR as 
the soot-blowing medium. The new line 





ECONOMICS OF BOILER CLEANING 
WITH COMPRESSED AIR 
(VERSUS STEAM) 


1. Pressure is always adequate to 
do clear, thorough job 

2. Better programming with air 
gets better cleaning results for 


of DMR Air Compressors provides a higher boiler efficiency 

— . ‘ ; : . ; 3. Lower cost for biowing medium 
new standard of installation economy. oy A 
So highly compact, the DMR units can 4. Ne quenching ection en het etley 
be installed in small space, conserving tubes or pressure vessels 

area : : ; . 5. Much less maintenance of blower 

on floor area and making it possible to equipment Gee t aresien, Gane 
locate them near the boiler for greatest sion, packing wear 


ficiency 6. improved housekeeping no 
efficiency. steam or condensate leakage 


The new DMR units come completely 7. Greater over-all economy of blow- 

equipped with integral motor-drive and ae ee 
: 8. Eliminates condensate makeup 

intercooler ...ready for operation. required when blowing with steam 
Control can also be integrally mounted 
as shown. They are available for three- 
stage applications in the range of 687 to 1029 cfm free 
air and discharge pressures of 350 and 500 psi. 
Complete details on this new line of Cooper- 
Bessemer air compressors are given in Bulletin 
No. 94. Call the nearby Cooper-Bessemer office 
or air compressor agent for your free copy. 
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Pittsburgh « Chicago - Minneapolis « St. Louis « Kansas City « Tulsa 
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Diamond developed for more economical power... 


A CLEAN SWEEP...EVERY INCH OF THE WAY 


Get uniform, complete cleaning in those “tough-to-clean” zones. Specify Diamond’s IK-300 Retractable 
Blower. The exclusive close-spaced IK helix assures a penetrating nozzle sweep every inch of travel regardless 
of tube bank arrangement and tube spacing. What’s more, because sectionalized lance tube construction 
cuts deflection to a minimum, smaller boiler cavities are possible. In addition, a unique method of equalizing 
nozzle end-thrust assures ‘‘“minimum-wobble” travel regardless of distance. 


IK’s are just part of the reason behind Diamond's established superiority in boiler cleaning systems. Add a 
complete line of cleaning equipment, an experienced, imaginative engineering staff and an unmatched service 
organization. No wonder thousands of utility and industrial power plants are equipped with Diamond 
Cleaning Systems — engineered and designed to provide you with more economical power. 


Be Be Bee PY 
' NOZZLE #1 
' ee EXTENDING 
ty! = @ mt RETRACTING 


NOZZLE #2 
Gl EXTENDING 
ee Ge Ge RETRACTING 








DIAMOND POWER SPECIALTY CORPORATION, Lancaster, Ohio + DIAMOND SPECIALTY LIMITED, Windsor, Ontario 








DO YOUR OWN DELEGATING! 





Segregate the critical piping. For lasting satisfaction and safety, trust 





your next job of prefabricating and installing high-pressure, high- 


temperature piping only to experienced specialists. Ask us for our 


“Brochure” of shop and field facilities, and also ... ask us in 
W. K. MITCHELL & CO., INC. 
WESTPORT JOINT Philadelphia 46, Pa. 


PATENTED) 


MITCHELL PIPING 


PIPING FABRICATORS AND CONTRACTORS 
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The Bayer Balanced Vaived Soot Blower 
is a single-chain operated design that as- 
sures precise sequential operation of the 
valve and element. Only after the start 
of full steam flow does element rotation 
commence—a feature which provides posi- 
tive and efficient cleaning over the entire 
arc. . .without wasting steam. 

The Bayer Soot Blower is simply op- 
erated by a pull on the chain which opens 
the cam-actuated valve. Continued pull- 
ing of the chain slowly rotates the element 
through its cleaning arc, at the end of 
which the valve automatically closes. 


Quick Opening 
Bayer Soot Blower 
Valves Assure 


¢ 100% cleaning efficiency 
* minimum steam consumption 


e superior high temperature 
resistance 


For severe high temperature locations, 
“super service’ elements of Bayer-devel- 
oped “Chronilloy” are available. Of su- 
verior strength, wrap-resistance, and sta- 
jility, these elements resist the oxidation 
and chemical action caused by very high 
temperature gases. 

In over fifty years of continuous special- 
ized service, the Bayer company has 
equipped more than 35,000 boilers with 
dependable soot blowers. Engineered for 
long life and low maintenance, Bayer 
products assure economical and trouble- 
free operation. 





° single chain 
® individual elements 


operation 

sdjustable for high pressure 
service by orifice plate valve 

over entire cleaning are 

for optimum rate of element 


®@ full steam pressure 
@ selected gear ratio 
rotation 





ADVANTAGES OF THE BAYER BALANCED VALVED SOOT BLOWER 


® minimum pressure drop through valve body 

® machined air seal with spring loaded seat 

® complete vacuum breaker protection 

®@ precision swivel tube alignment lessens stuffing 
box packing needs 

® load carried on ring type thrust bearings 








For further information contact the Bayer representative nearest you. 
He is an experienced engineer, qualified to service Bayer Soot Blowers. 


Agencies 


Los Angeles 
Cincinnati 


Bostor 
Seattle 


Paul 


( le veland 
Detroit 
Pittsburg! St 


New York 
Philadelphia 


Chicago 


Indianapolis 


Washington, D. ¢ 
Atlanta 
Tulsa 


Salt Lake City 
Houston 
Kansas City 


Charlotte 
Richmond 
Denver 


4030 Chetieen Avenue, St. Louis 10, Missouri 
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Lower your steam costs... 





BURN A VALLEY CAMP QUALITY COAL 
IN YOUR PRESENT EQUIPMENT 





One of our famous Valley Camp Quality Coals, crushed, washed, sized and 
thermally dried, mixed to your specifications, can bring real savings in 
your steam costs ...in your present burning equipment. 


Our combustion engineering service will be pleased to discuss the details 
with your power engineers. 


THE @% VALLEY CAMP COAL COMPANY 
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Western Reserve Building ¢ Cleveland 13, Ohio 


SUBSIDIARIES — 

Great Lokes Coal & Dock Co., Milwavkee, Wis. * Great Lokes Coo! & Dock Co., St. Paul, Minn. © The 
Valley Camp Coal Co. of Canada litd., Toronto & Fort William, Ont © Kelley's Creek & North 
western Railroad Co. © Kelley's Creek Barge Line Inc. © Pennsylvania & West Virginia Supply Corp 
SALES OFFICES — 


Philadelphia © Baltimore * Buffalo °* Pittsburgh * Wheeling * Cleveland * St. Paul 
* Cincinneti © New York © Milwavkee © Superior, Wis © Fort William, Ont. © Toronto, Ont 
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“” 
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STAINLESS STEEL BOILERS, HEAT EXCHANGERS, ATOMIC INSTALLATIONS, CHEMICAL 
PROCESSING EQUIPMENT CLEANED SAFELY, EFFICIENTLY WITH PFIZER CITRIC ACID 


@ Industry experience proves that 
citric acid eliminates chloride stress 
corrosion problems — provides ef- 
fective descaling — permits easier, 
more efficient after-rinsing 
Discuss with your chemical 
cleaning service company these ad- 
vantages of Pfizer Citric Acid in 
stainless steel cleaning solutions: 


1 Citric acid is highly efficient 
in removing imbedded metal 
and oxide films from stainless steel. 


Citric acid's excellent seques- 
tering ability prevents repre- 
cipitation of dissolved scale. 


3 Citric acid cleaning eliminates 
the problem of chloride stress 
corrosion. 


4 Citric acid can be effectively 
' inhibited without losing its 


cleaning or sequestering ability. 


5 Citric acid is soid as a dry, 
y 100% acid — meaning savings 


in storage and handling. 


6 Citric acid is water soluble, 
’ easy to handle, and non-toxic. 


Let us send you further information, 
cost and obligation-free! 


| want to learn more about the use 
of Pfizer Citric Acid for cleaning 
stainless steel equipment. Please 
send me Technical Bulletin 102. 


City Zone State 





Science for the world's well-being 


Manufacturing Chemists 
for Over a Century 
a a 





CHAS. PFIZER & CO., INC., CHEMICAL SALES DIV., 630 FLUSHING AVE., BROOKLYN 6, N. Y. 
Branch Offices: Clifton, N. J.; Chicago, Ill.; San Francisco, Calif.; Vernon, Calif.; Atlanta, Ga.; Dallas, Tex., Montreal, Canada 
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INDIAN POINT 





Indian Point Station aa it looked ir 


April this year, showing some of the piping to be installed by Kellogg's Power Piping Division 


NUCLEAR POWER PIPING BY KELLOGG 


Construction progress at Consolidated 
Edison Company’s Indian Point Sta- 
tion demonstrates how Kellogg’s broad 
erection experience can take tomor- 
row’s newest and toughest power pip- 
ing requirements in stride. 

At this unique 275 Mw nuclear 
steam electric generating station, 
Kellogg has a contract to manufac- 
ture, deliver, and to erect all stainless 
and carbon steel nuclear piping for 
the inside of the reactor sphere, and 


POWER PIPING DIVISION - 


all power piping for the conventional 
portion of this plant. Kellogg also 
stress-analyzed the major portion of 
this piping. Much of the stainless pip- 
ing will be manufactured in Kellogg’s 
Williamsport plant. 

The particularly rigid specifications 
of high quality and close tolerances 
required the assignment of a special 
engineering staff to the site. This staff 
plans, coordinates and supervises 
each step of Kellogg’s erection assign- 


THE M. 


One important phase entails 
over 2200 critical welds, most utiliz- 
ing Kellogg’s K-Weld technique. An- 
other is the radiographic inspection of 
each weld, which Kellogg is under- 
taking with its own equipment and 


ment 


persc ynnel. 


Kellogg welcomes inquiries for its 
stress analysis, metallurgical, engi- 
neering, manufacturing and erection 


services. 


W. KELLOGG COMPANY 


711 THIRD AVENUE, NEW YORK 17, N. Y. + A SUBSIDIARY OF PULLMAN INCORPORATED 


Office Ke 
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ubsidiary compan eg are in Toronto, London, P 


de Janeiro, Caracas, Bus lires 
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ROCKWELL- 
REPUBLIC 


INSTRUMENTS, 
CONTROLS, AND VALVES 





Rockwell-Republic Control Systems. Republic engineers and furnishes 
equipment for both electronic and pneumatic control systems, for use on 
large central stations, package boilers, process industries, and steel mills 
Republic has installed more than 125 electronic control systems since the 
first one in 1949. They total more than 400 unit-years of operation. These 


central systems automatic 


ally control steam pressure, combustion, furnace 








Steam Dump Valve. Series 700 double- 


seat vaive (600 psi 


tioner. Valve shown used in nuclear powe 
plant to dump steam to cé 


steam must by-pass turbine 


VS Squaring 
Reloy 








VT Tempercture 
Transmitter 


; VRR Ratio Re 


Null-Balance-Vector Pneumatic In- 


struments. When used with eact 
Rockwell-Republic null-balance-ve 


ents offer t 


with Series 73 posi- 


yndenser when 


Bellow Type 


he special advantages 


pressure, excess pressure, boiler level, and other variables 








Quick-Change Trim V-10 Valve. For 
severe services up to 4500 psi, newly im- 
c proved regulating valve features quick- 
change trim that allows dismantling and 
reassembly within minutes without re- 
moving valve from line. 





VDP Differential 
Pressure Transmitter 
VP Pressure 


Transmitter 


VSR Saquore Root 
Extracting Relay 





Bourdon Tube 
VP Pressure 


VC Controller Transmitter 


c 


mmon Pneumatic Comporent 
the Heort of Each instrument 


of a high rate of inter-changeability of 
parts and simplified training requirements 
because a common pneumatic compo- 


nent is used throughout the line 


tion to the above items, a complete line of 


Republic instruments and 


controls including 
ers, Electric Transmitters, Flow Meters, CO2 
thers is available. Write to Republic Flow 

iry of Rockwell Manufacturing Company, 

10 Diversey Parkway, Chicago Illinois. 








Improved Final Drive Unit. Operates 
valves, dampers, inlet vanes, etc., in re- 
sponse to either pneumatic or electronic 
signals from remote 
also be operated 


ontrol station, Can 
manually. Power is 


pneumatic. 





M/A Control Stations. Republic offers 
a complete line of compact, panel 
mounted control stations for use with 
Null-Balance-Vector instrument control 
systems. These control stations are made 
in several types to accommodate a wide 
variety of pneumatic control applications 





more fine products by 


| ROCKWELL] 





bue 


Always your 
~ best move 
for 
satisfactory 
dust 


collection! 


You put more than 75 years of 
combined experience at your disposal 
when you call in a Buell-Norble 

Sales engineer. He's qualified and 
ready to help you design and lay out-a 
complete dust collection system with 
the right equipment for each 
application. For literature write Buell 
Engineering Company 

123 William St., New York 38, N.Y 
Northern Blower Division 

6409 Barberton Ave., Cleveland, Ohio 


ELECTRIC PRECIPITATORS - CYCLONES - BAG COLLECTORS - FANS - COMBINATION SYSTEMS - CLASSIFIERS 


ENGINEERED FOR CONTINUOUS SERVICE 


MECHANICAL COLLECTORS 
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COimovsiion 
— 


EDITORIAL 








Too Much Security? 


full of political notses last month as both major parties designated thet 
Amid all the viewing-with-alarm and proclaiming without-fear-of 
Both party platforms will be characterized by 


Che air wa 
presidential hopefuls 
contradiction one significant fact emerged 
Uncle Sam will play Big Brother so we faceless ones can have a 


more security lor everyone 
Phe only hope for the taxpayer lies in the political adage that 


bigger chicken in every pot 
platforms are to run on, not necessarily to stand on 
We have noticed that this canker of creeping security has a serious effect on engineering 


New ideas are stifled because they're different Their authors choke them 


orgamzations 
management rejects them for the same reason. The philosophy 


back for fear of failing 
uu can't make a mistake if you don’t make a decision 

f this security engendered and endowed morass of mediocrity can 
Overemphasis on fringe benefits inhibits progressive 


seems to be Ve 
The marshy turf « 
never be a spring beard to progress 


thinking and causes;engineering projects to topple from the weight of checks and balances re 


quired to preven 
Personal security, now and always, lies only in the head and the heart 
and not even Big Brother can guarantee material security beyond the 


t anyone from venturing beyond the frontiers of ‘‘what we did last year.’ 
knowledge and 


courage of conviction 

next heartbeat 
Young engineers with enthusiasm and ideas might profitably lay aside for a moment 

lans, major medical benefits, paid vacations and holidays and look about for 


their pension p 
who are risking real capital on the wheel of the future 


the companies who are moving ahead 
ineers who find themselves deep in a security-plowed rut may ponder the dif 
In a rut one can still see the sky and climb toward it 


Older eng 
ference betweet rut and a grave 
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Direct Conversion 


of 


Energy to Electricity 


By R. C. ULMER and J. D. SENSENBAUGH 


Combustion Engineering, Inc. 


electricity and its 
take it for 


recent press releases and 


UR LIFE 


many 


revolves around 


We 


many 


uses have come to 


Yet 


have 


granted 
carried notices of advances 
Most 


to electricity 


technical magazines 


made in producing electricity cases have dealt 
Fig. | 
Is one of the 


with direct conversion of energy 


What are such processes? Are they new? 
likely to replace 
Will the cost of electricity 


and other questions will be answered and as a sort of pre 


methods present ones for generating 


electricity be less? These 


view of what 1s to come, may we say that the answers will 
depend pretty much on whether one is considering elec 
tricity from the standpoint of the few watts for a satellite 
in space or the millions of watts for even a small city 
First let us be sure we all understand what electricity 
We 
referring to 


is and the common means by which it is produced 
electricity or electric current by 
More 
up of tiny particles or atoms 


charged 


now define 


the atomic theory specifically, all matter is 


made Atoms contain 


electrons which are negatively protons which 


ire positively charged and neutrons which have no 


rhe electrons are in the outer part of the atom 

When 
current 
\ good conductor of electricity ts a material in 


harge 


ul ire tree to move trom one atom to another 


these electrons move in one direction an electri 
results 
itom to atom 
other 
re firmly bound or 
therefore, do not move freely 


atom to another 


electrons readily move from 


An insulator or poor conductor on the 


which the 
hand is a 
material in which the electrons are m 
attached to the 
Although the 
the conductor ts not changed noticeably by the 
chiefly to the fact that 
involved with even a small amount Of electricity and the 


itom and 


electrons pass trom one 


pre CESS 


Chis is duc many electrons are 


iverage condition of the material does not change 


30 


Fig. 1—Experimental thermionic tube is demonstrated by Dr. W. J. Coltman, 
Westinghouse scientist. Inside the tube glowing wire emits electrons 


causing current flow in ionized cesium gas 


For example, a 60 watt lamp requires the 


3,000,000, 000 O00 O00 OOD 


passing ol 
second Al 


small 


electrons per 
though this is a tremendously large number it is 
in comparison to the number of electrons in an inch of 
even the finest wire 

Common sources of electricity are batteries and power 
originates from the 
ind the chief 
heat 1s not 


plants By far the most electricity 
latter 


energy source is heat from fuel 


Energy is converted into electricity 
But the 
directly converted into electricity, it first is used to gener 
ate steam which the turbine which 
uwrmature through an electrical field Electricity 1s 
caused to flow in the circuit of the armature and through 
to houses, 


turns rotates al 


transmission lines the electricity ts conducted 
factories, etc 

Now generation of electricity by this process is very 
Actually only about 40 per cent of the heat in 
the remainder being 


wasteful 
the fuel is converted into electricity 
generally in the 
Owing to the low thermal efficiency 
a lot of effort and thought given to other means for gener 


lost cooling or condensing process 


Fig. 2, there has been 


ating electricity. By other means ts meant a process not 


involving the intermediate step of converting heat to some 


form of which in turn operates a generator 


different 


energy 


In this respect, nuclear energy 1s not a proc 
ess as the heat required is merely supplied by nuclear 
cvcle remains the same Conse 
the 
generation 


which are 


means, the rest of the 


quently, the efficiency of this method ts same as 


for presently used steam electri namely 


4) per cent There are some processes 


is high as NS) per cent These generally 
the 


his 1s 


more efficient 


involve direct conversion of form of energy con 


intriguing to say the 
that 


cerned to electricity 


least, for we have pointed out matter is ele 
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the electrons so they will 


tronic in nature 


pass from one atom ind an electric current 


Unconventional Methods of Power Generation 


In recent months, the technical journals have contained 


numerous items pertatr novel methods of power 


generation Phese iten range from research reports 


ind review articles certain methods to an 


nouncements of device eloped by various organiza 


tions. This report attempts to classify unconventional 


methods of 


plication and current state ey 


power generati indicating the field of ap 


elopment of each 


Methods for Special Uses 


Che methods included it section have definite fields 
but d not ppear 


outputs and/or unfavor 


of application promising for large 
scale use because of low power 


ble economics 


PIEZOELECTRIC GED 
Certain crystals, Rochell ilt for example, exhibit a 
zoelectric effect When 


ted to compression or tension 


phenomenon known as the pi 
these 
their opposite laces 
Che polarity is re 


crystals ire subtec 
cquire 
versed whet 


t O00 to 100,000 cycles per 


opposite electrical charges 
the stress 1s reversed If 


the crystals are vibrate« 


much as w/sq cm may be generated at 


cent 


second as 


efficiencies 2s high as 90 per These crystals have 


been used in such applications as microphones, phono 


meters It 1s possible 


graph 
that n 
but it 1s not likely that 


the point of supplying 


pickups al 


‘ 
‘ 


aterials may tour nat 
ethod will be developed to 
unts 


give a greater output 


ol power 


ELECTRIC (GENERATO 


Devices in which an electrostatic charge is produced 
collector date back to the 


<perimentation In modern 


ind transferred to 
days of electri 


the Van 


early 


times generator has been used in 
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some of these possi 


will flow Let us now consider 


bilities, their applications and limitations 


The use of nuclear energy in nuclear power plants will 
be considered a conventional method of power generation 
in which the nuclear reactor takes the place of the boiler in 
supplying heat to produce steam and operate a conven 
tional generator. However, nuclear energy converters 
involving direct conversion of heat to electricity will be 


included 


nuclear studies 
age as high as 10,000,000 v, but the current is only of the 
order of microamps, so that the power output is small 
The efficiency is low, and the specific weight per unit of 

Furthermore, Van de Graaff generators 
These disadvantages work against the use 


rhis type of generator can produce a volt 


output ts large 
are expensive 
of electrostatic generators except for sctentific purposes 
SoLAR ENERGY CONVERTERS (1-—3)* 

Phe utilization of solar energy has presented an in 
triguing challenge for many but formidable ob 
stacles stand in the way of its accomplishment At best 
the energy is available only part of the day, and under 
availability is 


years 


this 

density of 
earth's surface is rather 
his means that a 


weather conditions 


Furthermore, the 


unfavorable 


solar 


further limited 


energy received at the low 
amounting to about 125 w per sq ft 


collecting surface For example, it 
calculated that 


ipproximately 14 acres of energy-receiving 


is required 
a 1000 kw solar power station 


large 
has beet 
would require 
suriace 


SoLip STATE De 


ICES 


Solar radiation in the near ultraviolet through the 


r to smmilarly numbered entric in the Hil 


NER RATING (KW 


Fig. 2—E€fficiency of conventional heat engines os o function of their power ovtput 





near infrared region is the only band which can be 


utilized at present The use of cosmic rays or solar 


X-ravs is not practical, since the energy flux is very low 


Im the utilize the very long 


which consists of absorbed 


future, it may be possible to 


wave length infrared solar 


energy reradiated from the earth quantities up to 


20 per cent of the original solar radiation \t present 
cells absorbing in this region of the spectrum have both 
low output voltage and low output current and hence 
low power output 
Pheoretically 


energy by 


solar energy could be converted to 


electrical using thermoelectric, thermion 
solar regenerative fuel cell, or photovoltan 
Only the latter method has 
using the photovoltaic converter 


sel] Pelephone I ibor tories 


devices 


beet put imto practice, 


with the stlheon junction 


cell developed by the is the 


basic element Phese cells are presently mass produced 


with a conversion efficiency of per cent and many single 


elements show efficiencies of . per cent Che theoretical 


pe of cell and using 


maxinum efhiciency for the current ty} 


known semiconductor materials is between 2) and 27 per 


cent depending on the particular semiconductor used 


Silicon cells should have a maxinium efficiency of about 19 


per cent but factors such as reflection losses reduce this 


to the 12 per cent maximum realized in 


Semiconductor devices have several advantages as 


solar energy converters rhey are mechanically rugged 


chemically stable, and have no moving parts 


OCHEMICAL CONVERSI 


Rather than converting the thermal energy into elec 


tricity, it might be possible to convert solar energy into 
means ol 
then be 


tricity from the chemical products 


chemical energy by photochemical 


Suitable 


pre CECSSses 


cells would employed to obtain elec 


Certain fluorescing dyes produce a potential of the order 


, 
' 
of 100 } 


light \ 


is probably 


millivolts when irradiated by visible 

photochemical oxidation-reduction reaction 

involved 
\nother 


photochemical decomposition of 


system that has been | involves the 


propose 


water in the presence 


of ceric and cerous ions Che hydrogen and oxygen 


formed would be used in a fuel cell to produce electricity 


Although considerable research has been carried out 


on photochemical conversion processes, the efficiencies 


ire low, and results to date are not too promising 


ENERGY STORAGI 


Due to the nature of the solar 


supply 


intermittent energy 


large scale application of solar energy conversions 


cannot be made unless suitable means of energy storage 


ire available 

Workers at the Bell Telephone Laboratories have ex 
unined possible storage methods and concluded that elec 
trochen most attractive 


Lead 


batteries are technically feasible for solar 


ical storage is presently the 


method from a technical standpoint wid = =oor 


nickel-cadmiun 


energy storage However, the cost of these batteries 


to be }to nermut 


m likely that 


would have reduced by a factor of 2 to 1 


economic feasibility, and it does not sec 


such cost reductions can be made 


ooK For Use or Sor 


Since the outlook for « storage ap 


pears bleak, the wunmediate outlook for solar energ 


utilization 
little 
ondary consideration 


ippears to be confined to special applications 


where storage 1s required’ or where cost is a se 


An example of an application that could operate on an 


intermittent basis might be the generation of power in 


desert areas to pump water to storage Cost mav be 


considered of secondary importance im certain military 
applications such as unmanned weather stations or for 
radio transmission from space satellite 

For the 


lormance 


offer pet 


converters 


latter purpose, solar 


with 


power systen 


competitive nuclear energy 
When a solar power system employing silicon cells is used 
satellite, operating conditions prevent the at 


maximum efhiciency so that the the 


ima space 

overall 

1 system without storage devices might 
However, the life 


| be ~¢ 


tainment ol 
efhiciency of such 


be about 5 per cent of such a svsten 


in this service 1s expecte eral years If the 


life were only one year, the power to weight ratio would 


be 2600 to 3100 w-hr which is comparable to the 


ratings of nuclear thermoelectric devices, such 


SNAP-IIT diseu 


present 
is the sed below 


NUCLEAR ENERGY CONVERTERS 


Thermal « 
verted 
This ts the 
mocouple discussed 
Heat 
electricity by thermoelectric meat his 1s 
SNAP-III 


section on methods suitable 


nergy rom a nuclear reactor ¢ 


directly to electricity by thermionic device 


method used in the Los Alamos plasma ther 
i! i 


later 
| 


wc Ay 


section of this report 
converted to 
method 


this 


from radiwactive ilso be 


which be longs i”) 


or spect il 


used im the generator 


ipplications 


SnaPp-lIIl 


The SNAP 
cle veloped by the 


Nucl il 
Martin Company under an 


Systems for \uxihary Power 
generator 


LEC 


irranged like 


contract, has 27 pairs of thermoelectric elements 


spokes around a capsule containing radio 


active material [The demonstration model exhibited 
with 1760 curies of Po 
this 


ilso be used The size of 


earlier this vear was fueled 
but a full, 
(other 


containing the 


fueled unit will contain 3000 curies of 


Isotope isotopes can 
I idioisotope was chose ll 


half-hie of 29 


the core 


mit the use of Ce which has a 


compared to 13S days for Po 
Min 


working 


The converter elements were developed by the 
Manufacturing Company 
Martin 
made of 


nesota Mining and 


subcontractor to the Company Phese 


lead 
suitably doped with controlled mmpurities to provide re¢ 


is a 
semiconductor elements are tellurice 
sponse in the proper temperature range 

The SNAP-III weighs 5 Ib and is 4 in 
When initially 
power output is 5.3 w, and the 
it half-life, the 
his generator will deliver UU) 


in diam by 
high fueled with 3000 curies of 
Po*™, the 


7.9 per cent 


) in 
efficiency 1s 
output is 2.5 w at an efh 
ciency of 5.2 per cent 
useful w-hr during its first half-life Chis compares with 
250 w-hr from 5 lb. of ordinary dry cells or 400 w-hr fron 


> Ib of silver batteries, the best available chemical 
battery 


increases with decreasing temperature 


711K 


Unlike conventional batteries, the efficienc) 


PROBABLE IMPROVEMENTS 


The longer nearly double the 


half-life o ‘ ould 
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red to Po Phe cerium 
cheaper than polonium 
that the SNAP 


r approximately $20) 


useful output in w-hi 
fuel should 


Exclusive of 


consider 


ilso be 


fuel cost, it 1s estimated 


units can be mass-producs 


with a halt the 


have 


Use of Sr® ’S vr would increas« 


w-hr lb considerably, but the heat source would 


to be redesigned to accommodate the lower power density 
extraneous heat loss and 
overall efhicienc) However, the AEC is 


d with Sr® that will operate 


Such redesign would increase 


thus reduce 


planning a 100-w unit fuel 


for 10 vr without servicing refueling 


It is expected that relat simple design changes 


Promising Methods for Large Scale Power Generation 


FvueL CeLis 


] 


Fuel cells appe ir to overlap the preceding and the pres 


ent classification. Som pes do show promise for 


large scale power generation, while other types fall in the 


special use category However, we have chosen to dis 


cuss them all in one secti 
\ fuel cell may be defined as an 


fuel is « 


electrochemical device 


which a xidized and substantial portion of 


the heat of combustion is « erted directly to electrical 


rT it the cathode, liberating 
fuel is 


ind an electrolyte completes the internal 


energy Reduction occt 


oxidized 


external circuit: the 


electrons to the 
it the 
circuit 


inode; 
it would be desirable 
to operate with pulverized coal as the fuel, but to date 
all cells that have been at all successful have operated 
m gaseous fuels It 1 sible that 
could be employed to provide fuel gas for fuel cell use 

The to be 
cessful requirement, 


For large scalk ition 


coal gasification 


ment met in a suc 
th it 1s 


ind 


most ure 


important 
fuel cell is the ctivity 


the desired reactior it each electrode, 
they 


current density Thi 


must occur rapidly enough to give a satisfactory 


ent has blocked the 
it only cells using gaseous 


us¢ 
of coal and makes it probable th 
fuels will succeed in the forseeable future 


The 


the usual 


reactivity requirement can be met by utilizing 


reaction such a 
ising the 
surface by 
Another way 
the 


intermediates 


methods for increasing rates, 
the 


pressure, © g the 


increasing surtact necre temperatt re 


ind or suitabl 
preparation or by incorporating catalysts 
the re 


ind oxygen 


of meeting ictivi equirement 1s to react 
chemical 


These 


ctions., ind 


fuel with uitable 
intermediates 
they 


ictions are sul 


in regenerators exter | ell 
elec tre ad 


that 


thet provide the 
selected 


‘ ré 


ire, ol 
course lectrode re 
ficently rapid 
the most effective of these 
This is almost alw though 
accom 
High 
ire often employed, but 
Surface 


Increasing the surface 


techniques ivs done, even 


ther measures are also taken, and it usually is 


plished by using porous diffusion’’ electrodes 
~ 


and high temperaturs 


pressure { 


sion and leakage problems are increased 


ition 1s also often used, even though the activity 


ises as the cell is used 
o be effective, gas diffusion 
is leakage into the 
the electrolyte to fill their pores 


iking them his is 


electrodes must not 
Nor can they allow 
them and 


per 
electrolyte 
drowning 
i problem when hy 
iter the cell 


imactive 


irogen 1s used fuel, as the w formed in 
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ind certain changes in materials will permit reduction of 
the present weight to less than 3 Ib with little change in 
power or «¢ therency 


PROJECTED USES 


The SNAP-III is expected to tind terrestrial uses in 
the operation of remote beacons, weather stations 
the like 


vehicles 


and 
is well as a power source tor satellites and space 
television 


their radi or 


It is not expected to become 


for example in com 


munications systems 


source of large quantities of power 


reaction will drown the electrode if it is allowed to become 
liquid 
rate by suit 


best 


Increasing the electrode reaction 
able 


obtaining 


using 


intermediates promises to be the means for 


high current density at low temperatures 


without drowning problems 


PHe Bacon Cet 


Phe 
veloped cell It 


the 
described in 


highly ce 
detail as 


Hydrox fuel cell is most 


will be 


Jacon 
some 
in example, while other cells will be treated more briefly 

F. 7 
cells for 
University 


working in England on fuel 
ren years of work at Cambridge 
Electrical Research 
Power 19057 


tacon has been 
over 21) vr 
were spensored by the 


Association and the Ministry of Phen in 
the National Research and Development Corporation 
placed a development contract with Marshall of Cam 
bridge, an electronics firm 

Phe 
Phe total output is 2'/, kw at 32 v or 5 kw at 24 
Phe 


in. but with gas supply tanks and control equipment it 


Hydrox unit consists of 40 cells, 10 in. in diam 


MAX 
mum load conditions unit itself is 30 by 15 by 12 
weighs about 700 Ib and is big enough to fill a large truck 

Each of the 
separated by an electrolyte rhe electrodes are 
nickel, thin 


smaller pore size on the liquid side 


individual cells contains two electrodes 
made ol 
layer having a 
The 
trode is treated with lithium and preoxidized to prevent 
rhe electrolyte is concentrated KOH. Op 
erating conditions are approximately 200 C and 400 psi 
Phe sintered metal, and when 


the gas 


porous sintered with a 


oxygen elec 
corrosion 
electrolyte soaks into the 
is admitted under pressure to the back of the 
the liquid is forced out of the larger pore 

surface tension of the liquid prevents the 
Thus each 


wetted 


electrode 3 
Phe 


gas from escaping through the smaller pores 


only 


electrode has a large surface (about 40 sq m) of 
sintered metal in contact with the gas 

\t the oxygen electrode, hydroxyl ions are formed 
removing electrons and leaving the electrode positive 
\t the hydrogen electrode, hydroxyl ions combine with 
hydrogen to form water, giving up electrons in the proc 
hus 
charged with respect to the oxygen electrode, and a current 
flows through the external circuit. To the 
water formed, the hydrogen is circulated past the back 
if the hydrogen electrode, and the mixture of hydrogen 
the 


the hydrogen electrode becomes negatively 


ess 


remove 


ind steam is cooled outside of the cell to condense 
mosture 

Careful control of the hydrogen and oxygen is essential 
The oxy pressure is kept constant, and the hydrogen 


gen 
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pressures controlled 
differential 
Efhiicirencies up to per n have been 
9 ind Bacon cells 


hvdrogen I I life of the 


pressure 
reports d 
Pow) hr 


yperated as long iS 


usiny pure oxygen 


to imuting factor with regard 


cell 


large 2 


electrode App if 


j 
arox 


to prolonged operation of H 


The a cells ire ible to take erloads without 


damage, although the efficiency is reduced They are 
ilent and 
parts, and the 


these idly 


vibration-free in operation, have few 


only ol 


nOovVIne 


exhaust consist water Ly spit 


intages, these cell ire of imterest only for 


pecialized military and possibly civilian applications 


They are Mayor source 


itage 


not regarded is a possible 
fuel 


pow r 


because the high cost outweighs the advair 


t hydrogen, a fuel cost of 


For operation on 09 f 
ilculated 


14 mills’ kwhr has 


» per Cel 
been « 
PRESENT Fur 


STATUS OF 


The h 
cell, is the 
highe 
dat 

Since the Bacon cell has received considerable publicity 


VITOPON-OXVEEN Ce i exetTi plified by the sacon 


most advanced type and has produced the 


t power outputs and current densities obtained to 


it may be helpful to untangle the complicated commercial 


irangements for exploiting this cell in this country 


For 
tl exclusive 
Hydrox 


been 


some time, the Universal Winding Company has had 


American license for the use of the Bacon 


fuel cell, and their Patterson-Moos Division has 


engaged in further research and de velopment ac 


tivits 
sal Winding 
greement with the National Research and Development 


Recently ») Univer signed a_ licensing 
! 
fuel 


cell, 


burns ( irbonac eous 


ering other 
cell rhe C 
Ch iumbe rs 


Corporation of England cov 
cells, including the (¢ 
developed by Dr. H. H 
is H 


lo further complicate the picture 


typ. s ol 
irbox irboy 


fuels, such CQO mixtures or gaseous hydrocarbons 
Universal Winding, 
mill machinery but has 
packs etc 

Corporation 
United Au 
exclusive 


fuel 


made textile 


fuel cells 


formerly 
ified 


recently 


which 


diver mto nuclear power 


changed its nam to Leesona 


Leesona has concluded an iwreement with 


craft Corporation giving the latter an license 


for a limited time to the use of Hydrox cells for 


mulitary and space applications 


\nother hydrogen-oxygen cell that has received con 


1 ) 


siderable attention in the technical press 1, 24) is the 


one developed by the National Carbon Company, a 


division of Union Carbide Corp Chis cell uses porous 


perate it near ambient tem 


i 
perature and atmospheric pressure 
to be 

Other 


rogen-oxygen 


carbon electrodes and 


Efficiency 1s stated 
fo-S0) per cent 

working on hy 
\llis-Chalmers, 


Battery Company, and the 


organizations that have been 


cells include Chrvsler 


rporatron, Electric Stor ig 
S. Army Signal Research and Development Laboratory 
Molter lM ct 


operate on gaseous carbonaceous 


fuels, such as carbon monoxide, water gas, producer gas, 
salt, 


fused 


electrolyte consists of a fused 
ilkali 
contained in a porous, nonconducting 
Phis offers the 


cell 
bilities for large scale power 


or methane Dhe 


commonly a mixture of carbonates The 


mixture may be 


MgO matrix tv me best possi 


generation: it will be dis 
outlook for fuel cells in 


cussed further in the section 


ceniral station applications 
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Electri 


working on 


Consolidation (Seneral 
Curtiss-Wright ¢ 
type of cell 
Redox fuel « ire the type 
chemical u 


last 


Coal Company 
orporation have been 
previously mentioned in 
termediates are used to 
ictions The 
cell by 


which appropriate 


provide suitably electrode re inter 


mediates are regenerated outside of the iction 


with the fuels 

In this 
titaniun 
fuel \t King 
i tin-bromine intern 
this case, the tu coal The 


primary 
eral El 


with impure hydrogen as 


country. Get ctric has been using a 
ntermediate 
College (London 


eciate 1 


bromine 1 
i sumilar system using 
being investigated In 
other 


of cell 


\merican 


group reported working on thi s the 


»vstems 


typ 
Aircrait ¢ 
They have claimed better than S 

details of their cell have 


\issile Division of Lockheed rpora 


14) ») 


tion IU, £4 per cent 


efiiciency, but no been disclosed 


1 regenerative d cell, in which the reactants are 


continuously regenerated, is considered feasible if a 


cheap source of energy 1s a\ ullable for the regeneration 


cell reported to date 1s one de 
satety Applic ince Research 
icts in a LiF -LiCl 


products is decom 


The only regenerative 


veloped by the Mine 
Lithiun 


mixture at 450 C, and the 


Corporation hydride re 
eutectic 
posed, regenerating the reactant, at Sov C 

Another type of fuel cell is the con 
which takes its 


of alkah or alkaline « 


umadle electrod 
from the use of a consumable anode 
irth metal The « 
material mixed with graphite 
through 
introduced in 


natine 
ithode may be 
i solid electrode of organi 
which oxygen of 
to the 


or i porous ( irbor electrode 


inother oxidant may be cell his 


type of cell is characterized by low operating tempera 


tures and high power to weight ratios 
National Carbor has been working on 
a cell 


\erojet-General 
Corporation 1s 


Company such 
ind 
developing a 


RCA 
Chem il are ilso 


using sodiun oxygen, while 


similar system based on 


zine and chlorine Armour Research Foundation, 


ind Dow reported to be working in 
this field 
Deveiopment of an ton 


Electric 


been 
cell 


tem 


has recently 
11, 14, 16 Che 


root 


exchange 
(Seneral 


ind oxygen and operates at 


innounced by 
uses hydroget 
perature and atmospheric pressure An ion exchange 
1 solid electrolyte in maintaining the 
Electrolyte ions are attached 


le iched cell; 


ilso rejects water when it reaches satura 


membrane acts as 


electrolyte concentration 
to the 


the membrane 


membrane and cannet be from the 


tron, so there is no problem of electrolyte dilution 
rhermal efficiencies are reported to run as high as 60 


per cent Use of the membrane permits an especially 


light weight, small volume design, which points to the 


use of this device in military and vehicle ipplic i 


space 
tions 
CELLS IN CENTRAL STATION APPLI 


FUE! TIONS 


cell ilkkahi car 


ind operating on gaseous carbonaceous 


\ high temperature fuel with molten 
bonate electrolyte 
fuels is the most promising fuel cell type for large scale 
power production These cells operate at atmospher« 
pressure in the temperature range of 900-1600 F and use 
air as oxidant, rather than oxygen 

It has been estimated that the fuel cost for such 


i cell 


operating on natural gas might be less than 2 mills, kwhr 


establish at 


difficult to 
the 


3) Investment and operating costs are 


present hese depend on cost of 
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ndividual their life Mat 
the fuel cell « 


their cost is no list Cell life 


mass production 
has been demonstrated 
probably be in 


this cat 


umics of tuel cell 
of electrode are 
Consolida 


obtained 


the curret iltage 
have ) 
that cell 


volt 


further 
sj ft at the same 
t might be necessary for 
| life was sufficiently lo 


lculated 


verall thermal 
fuel to electrical 


fuel cells 


fossil 
work on ind 
ng figures were obtained 
ind fuel cell process 
fuel cell 


operating the 


Thermal 
Efficiency 


Fuel Gas S$ per cent 


‘ 


indirect he 
tion 


Natural ga 


Phe questio1 
fuel cells 1 
mercial power ge 
of the 
ind 


within five \y i } he 


to when high tempera 


ture 1 to be practi il for cor 


bably the best statement 
Liebhafsky 
that 


whether it 


given by 
) 


present prosp n recently 


Douglas of neral lectric 3) who stated 


known 


FLAME 


OXYGEN-CYANOGEN. 


HYDROGEN-FLUORINE 


OXYGEN ALUM AJ JM 
OXYGEN-ACETYLENE 


* ™_ 600 


0) 040)5. hae) tele) 4. 


5000° 


BLAST FURNACE 
INTERNAL COMBUSTION 


wise to e1 in the greatly expanded effort necessary 


Rig 
to develop this cell for the generation of electricity on a 
Neither this, other 


fuel cell, will replace conventional central stations in the 


central station scale nor any 


future 


loreset ible 


THERMIONIC CONVERTERS (26-35 


Description the Method Che simplest form of thet 
diode vacuum 
boils off 


mmparting 


mionic converter is essentially a tubx 


Apple ition of heat to the cathode electrons 


tron the electrode surface by sulhicient 


energy to some of the electrons to enable them to sur 
mount the work function potential barrier at the surface 
rhe electrons flow to the anode, they are supplied 
to the The must be kept 


relatively cool to prevent back current electron emission 


where 


external circuit anode 
from this surface 


As in 


created by the 


other vacuum tube a problem is 


the cloud 
this charge ts 


applx ations, 


space charge barrier formed by 


of electrons between the electrodes If 


electrons emitted 


current flow 


will repel other 
limit the 
One way of reducing the space 
the the 

limits, almost 
the 


space charge by introducing positive ions, e.g., Cs vapor 


neutralized, it 
cathode 
between the 


not 
from the and eventually 
electrodes 
barrier is to reduce between 


Within 


In addition, it is common to neutralize 


charge 
electrodes 


spacing 


pr ictical this is 


ilwavs done 


\ second problem posed by thermionic converters is 
the fact that they produce low voltage, high current d. 


For example, al kw unit might produce 1000 amps at | v 


One method of stepping up the voltage involves con 


necting a number of units in series so that the individual 


outputs are additive \lternatively, current modulation 


within the converter may be used to produce an a.-« 


output voltage his a.-c. output from a group of 


converters connected in parallel could then be stepped 
current modulation could 


up with a transformer Phe 


MATERIAL 


HfC MELTS 


“a 8000° 


7 000° 


SUPER GRAPHITE 
SUBLIMES 


ZrC MELTS 
CARBON SUBLIMES 
W MELTS 

\tho: MELTS 
MaO MELTS 
Al,O, MELTS 


4000 


ENGINE —____\ 
KITCHEN RANGE ——— 3000° 


IRON MELTS 
a 


Fig. 3—Flame temperatures of several well known gases and melting points of various metals 
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} 


be carried out by inserting a grid in the tube and feeding 


a modulating signal to the grid 


CURRENT DEVELOPMENTS 


(General Electric Research Lab 


V. C. Wilson of the 
oratory has been active in the development of thermioni 
converters. He has described (26, 35) a device in which 
enclosed in a glass tubs 


The cathode ten 
about 


two molybdenum electrodes are 


containing gaseous 10S 


2500 F ‘ 


positive 


perature is about while the anode is at 


1250 F 


sors | 


\ similar device has been developed by Profes 
Kaye and G. N. Hatsopoulos of MIT. (27 Both 
of these converters have attained thermal efficiencies of 
10-12 per cent rhe MIT that it will 
be possible to build a power plant utilizing thermal con 
verters that vield 5000-1 
hey that this 
small power plants 

he first direct 
was achieved at the 
April 1959 
28-32 


workers believe 
5,000 w cu ft of plant volume 


state figure would be satisfactory for 
to elec 


Lab 


plasma 


nuclear 
Los Alamos 
using the Los Alamos 
thermocouple This consists of a 
cell which was placed in the core of a 5 Mw (th 


conversion ol energy 


tricity scientific 
oratory im 
thermioni 
nuclear 
ind a short 
obtained Phe 
but 


st) per 


reactor An circuit voltage of 3.S \ 


current ol 


open 


circuit ibout 5) imps were 
unit operated at a thermal efficiency of 1% 


this t 


per cent, 
the laboratory expects to improve iround 
cent 


FUTURE OUTLOOK 


rheoretically, a thermal efficiency of 55 per cent should 


be ittainable with thermionic conversion devices 


Practically, most workers « xpect ethciencies of 25-50) per 


cent to be reached. Such efficiencies will require a heat 


source ol approximately 2000 I This is about twice as 
However, it 1 expected 
that 


from nuclear sources 


high as current reactors can go 
that nuclear technology will develop to the 
ailable 


would be 


point 
such temperatures will be a\ 
heat 


thermionic converters, since gamma 


source idvant igeous for 


the 


\ nuclear 
radiation from 
nuclear source is expected to help minimize space charge 
effects 


properties that can also withstand high temperatures and 


Materials are available with good thermioni 


high radiation fluxes 
With an inlet 
outlet temperature of the order of 1000 F, it is 


488. I: 


ittractive 


temperature of about ind an 
to consider the possibility of thermionic convers 


followed by a 


turboget 


nuclear reactor conventional 


erator Che overall thermal efficiency of such a plant is 


expected to be as high as 50-60 cent (30), although 


some workers (33, 35) more conservatively predict about 


1) per cent 


LD HERMOEBLECTRIC GENERATORS 


D ‘ 


Vethod 
the use of thermoelectric materials capable 
heated Phe 


have 


on of the rhis method of generation 


cle px nds on 
current when 


of producing an electric 


Westinghouse Research Laboratories been 
ticularly 
It has 


oxides 


par 
active in the development of such materials 


been found that mixed valence 
sulfides, selenides, or tellurides) of 
Mn, Fe, Co. or Ni) in which 


effective 


compounds 
transition 
carrier 


metals a charge 


has been incorporated are thermoelectric ma 


terials t elevated temperatures \r example 1s 


36 


Li,*Ni Ni,” QO. Lithium introduced 
into the NiO 


oxygen atom 


1Ons ire 


charge carrier Sines 


two 


lattice is a 


wants to acquire electrons, every 


lithium ion introduced results in a remaining Ni (II) 1on 
becoming a Ni (III) ion About 8 per cent of the transi 
tion metal ions are replaced by lithium ions 

hese mixed valence compounds have several advan 


tages over other thermoelectric materials. They are 


prepared from relatively abundant and inexpensive ma 


terials They are of a ceramic nature and can be used at 


high without decomposing or reacting 


hey are not susceptible to traces of impurities, and they 


temperatures 


do not deteriorate on exposure to radiation 
More 


thermoelectri 


recently, Westinghouse has developed a new 


material, an indium arsenide phosphide 
semiconductor Phe of this material is 
1500 F. It fills a gap in the spectrum of thermo 
electric materials, since it operates at temperatures above 
but below the 


mixed-valence compounds 


operating range 
St) 
POO) 


semiconductors SO) 


like, 


conventional 
F range of the cerami 


“URRENT DEVELOPMENTS 


Thermoelectric devices of various types are 


cle velopment it the present time. as indicated in 
following paragraphs 
The | S Navy 


thermoelectri 


Ships has contracted for 
built by ¢ 
Westinghouse The units 
1960 The heat 
ivailable to the 


rhe temperature of the cool side of the generator 


Bureau of 


00 w generators to be irrier 


ind by ire ex 


Corpor ition 


pected to be in service by mid source 


will be diesel oil or other fuel readily 


Navy 


will be maintained by water cooling. Sea water will be 


fresh water, cooled 
For I \ il 
parts ularly 


makes cde 


used directly 1! possible otherwise, 
by sea water in a heat exchanger, will be used 
thermoelectric 


pplications, generators are 


since the ibsence of 
tection more difficult 
Westinghouse Navy 


i thermoelectric unit combining an air conditioner 


suitable, moving parts 


has also received a contract t 
build 


a single systen 


space heater, and refrigerator-freezer in 
This unit will be tested for shipboard uss 

\ thermoelectric 
Westinghouse for the Air 


least ten times larger in electrical 


has been developed 


Development 


generator 
Research and 
Command that is at 
output than any similar device ever built in the U.S 
It also has three 
previous generator of this type Phe 


rAP-100 


unit operates 


pound than any 


unit weighs 41) lb 


times more power per 


1 


terrestrial auxiliary 


it SSO F The 


ind has been designated 
power, LOO w The 


ent model burns propane, but gasoline or 
Westinghouse ts wesking on an 
model that will be fueled by radioisotopes 
jointly dev 


generator The device 


could ilso be use d 


Boeing and Westinghouse have eloped 


solar-powered thermoelectric 
weighs 3 Ib, is 20 in. long, and produces 2.5 w of power 
Its size and weight make it suitable for use in space 
hicles, ¢.g., as a power source for radiotransmiss.o1 


FUTURE OUTLOOK 


Clarence Zener of Westinghouse Research Laboratori 
that, within the foreseeable future 
with 


has predicted (36, 45 


thermoelectric generators will operate efficiencies 


as high as 35 per cent Phis efficiency would be obtained 


by careful selection of a series of thermoelectric materials 
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Fig. 4—Magnetohydrodynamic open system using fossil fuels. Products of 
combustion replace helium-cesium mixtures in conventione! MHD units 


each of which gives a maximum electrical output in a 


certain temperature rang: hese materials would then 
be used in a series of stages to cover any desired range 
mbient temperature Each 


heat 


from about 3500 F down to 


of such a generator would receive the wast« 


stage 
discharged by the previous stag: 
Westinghouse indicated (43) that 


they do not expect thermoelectric power to make obsolete 


spokesmet nave 


present methods for large-scale generation 


T 
Rather, they expect thermoelectric generation to suppl 
ind find application on the 


power 


ment conventional methods 


basis of efficiency and economic considerations 


In conventional power generation, efficiency increases 
The effi 


letert ned 


thermoelectri 
the Carnot 
thermoelectric material 
Therefore, 


with iency of a 
generator, however, iS 
cvcle 


it is independent of the size of the 


power rating 
only by 
and the efficiency of the 
generator 
wer rating the thermoelectric 

conventional generation 
ll de veloped, it should be 


thermoelectric 


a certain critical p 
generator is more efficient th 
the technology is we 


below 


(Once 


possible to manufacture generators, 


r 


which have no moving parts, more cheaply than conven 


Wher 


predominant factor, as when the use 


tional generating systems capital cost is the 


factor is low, as in 


iuxiliary thermoelectric generators should 

be attractive 
With the above 

that 


certain applications. One such case 


power units 


considerations in mind, it may be seen 


thermoelectric generation is especially suitable for 


iS lor use in remote 


locations, e.g., for communications systems where con 


ventional power sources not available and wher 


batteries are not practical \nother application is for 


stand-by emergency power supplies. It is also possible 


to design thermoelectric generators to operate on solar 
energy or on waste heat ck gases, utilizing thermo 
electric materials sensitive in the low temperature ranges 
different 


generator might operate 


available for these sources In quite a tem 


perature range, a thermoele: 
on rocket exhaust gases 


MAGNETOHYDRODYNAMIC (MHD) GENERATION (48-51 


method generates 


high 


Discusston of the V/ 


electricity directly 


from hot g by 


passing a 


temperature gas stream velocity through a 
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Fig. 5—Dr. Emmerich, Westinghouse physicist demonstrotes experimental 
magnetohydrodynamic generator with output equivalent te one watt 


An MHD generator has no moving 
temperatures high enough to 
ionize the gas to a plasma. The lines of force of the 
field divert free into the external 
In other words, this method of power generation 
moving a conductor 


strong magnetic field 


parts and operates at 


magnetic electrons 
circuit 
involves the familiar principle of 
which in this case is the high temperature, highly ionized 
gas stream) through a magnetic field 

The power plant cycle visualized (51 
MHD generator with a conventional generating system in 
a combined gas turbine-steam 


combines an 


i manner analogous to 
The high operating temperatures yield an 
Atmos 


turbine cycle 
expected heat rate of about 6200 Btu/kwhr 
pheric air is compressed to 140 psi and heated to 3600 F 
air heater. The gas temperature is 
5300 F in a coal combustion chamber 


in a regenerative 
further increased to 
ind admitted to the MHD generator 
from the MHD generator at 4200 F 


the regenerative heaters, is cooled to 2100 F and passes 


(Sas is exhausted 
't then passes to 


to the conventional boiler 
CURRENT STATUS AND FUTURE OUTLOOK 


General Electric has operated an MHD generator with 

i plasma of air heated to 5000 F and obtained | kw of 

power for 5 secs. Thermal efficiency of this method is 

expected to be in the 40-50 per cent range, compared to 
bout 35 per cent for conventional turbogenerators (48 

The G.E. workers believe (49) that it would be feasible 

to operate an MHD generator on rocket engine exhaust 

that a generator could be developed 


years 


and such 
within two For general use, they predict that 
MHD power generation is at least 20 yr away 

Westinghouse has also built an MHD 
52-54), which has produced 2.5 kw of power for as long as 
{min. The unit is designed for a capacity of 10 kw, but to 
date thermal damage to refractory lining materials has 
prevented operation at this power level. The combustion 
of furnace oil and oxygen produces a gas temperature of 
about 4600 F. To improve the gas conductivity at this 
temperature, an easily ionized potassium soap is dissolved 
in the oil as a ‘‘seeding material’. The Westinghouse 
workers have also experimented with the combustion and 


yases 


generator 


oxygen, seeded with potassium 
The Avco-Everett Research Laboratory has demon 
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an MHD generator using an argon plasma 
secs 


strated (50 
that produced some 11 kw of power for about 5 
Avco Corporation has recently concluded an agreement 
with ten utilities to conduct an expanded research pro 
gram on MHD generation. Major goals of this work 


Summary of Promising Methods 


It has been indicated that fuel cells, thermionic con 
verters, thermoelectric generators, and magnetohydro 
dynamic generators show promise for future use in large 
scale applications. Briefly, the outlook for 
these methods is as follows 

Despite a great deal of work in the field, fuel cells 
especially hydrogen-oxygen cells, are not economically 
large production. Smaller 
scale models, which operate on gaseous fuels, are cur 
fuel 


present 


feasible for scale power 


rently being developed If the ultimate goal of a 
cell using pulverized coal and air rather than oxygen is 
reached, then fuel cells would certainly be a factor in 
central station power generation When this goal may 
be attained or when large fuel cells operating on gaseous 


fuels may be economically feasible for power plants is 


problematical, but these deve lopme nts are not expected 


to occur in the near future 


Thermionic conversion has distinct possibilities for 


utilization, especially in conjunction with 
nuclear Workers in the field that 
thermal efficiencies of 25-30 per cent will be achieved and 
that 
conversion and conventional turbogenerator conversion 


The 


con 


successful 
reactors consider 


a combination of a nuclear reactor with thermioni 
might reach thermal efficiencies of 50-60 per cent 
table thermionic 


verters 18 not 


time for practial application of 


at all clear, however 


include further basic research on MHD phenomena and 
development of suitable materials of construction to 
withstand the high temperatures involved. If this pro 
gram is successful, the next step would be to build a 
small prototype plant for further development work 


Chermoelectric generators will undoubtedly find a place 
in future power plant cycles, probably in conjunction with 
other methods may 


waste heat or on gas turbine exhaust as a supplement to 


For example, they operate on 
conventional methods of power generation 
Magnetohydrodynamic generation is attractive from 
the standpoint of combining with conventional genera 
tion. This field has been little explored 
may be 20 yr off, but the rapid pace of developments in 
high temperature gas work in connection with missile 


General use 


and Space projects as well as increased work on MHD 
generation, could shorten this time 

One drawback to these 
sion of heat to electricity is that they produce low volt 


methods for the direct conver 


1S required for practical application 
that 
mercury-arc rectifiers could be accomplished ata capital 
cost of $40/kw and with an efficiency of about 96 per 


age dc while a. 


It has been estimated (51 conversion to a.c. by 


cent Other conversion methods were mentioned in the 
discussion of thermioni Recently, the General 


Atomic Division of General Dynamics Corp. announced 


dev ces 


the successful conversion of heat directly into a 
high-temperature thermionic cesium cell rhe 
sec, but no 


55-57 
using 

current produced had a frequency of 100 k« 
difficulty was envisioned in producing 60 cycle current 
At this stage, it is not known how this process would com 
pare in cost to direct conversion of heat to d.c., followed 


by conversion to 


List of References 


Solar Energy Converters 
1) H. L. Foote, JIr., R. C. Shair nd H. Sm 
Eng., 81, » , 41 (July 1959 
W 


‘ 


lr. Reid, Comaustion, 29, No. 4, 55 (Oct 
}) H. A. Zahl, H. K. Ziegler, and A. F. Daniel 
Veu 37, No. 20, 96 (May 18, 1959 
Nuclear Energy Converters 
4) Chem. Eng., 66, No. 6, 102 ( March 23 
5) Chem. Week, 84, No. 4, 63 (Jan. 2 
6) thid., No. 12, 94 ( March 21, 195 
Nucleonics, 17, No. 5, 166 
8) H._ A. Zahl et al. lo t 
Fuel Cells 
O) Che ong 
10) thed No 
11) thrd., 66, No. 16, 62 
12) shid., No. 19, 72 (Se pt 
13) shed., No. 22, 24, ( Nov. 2, 1959 
14) Chem. Eng. News, 37, No. 23, 40 
15) thid., No. 41, 28 (Oct 1959 
16) Chem. Week, 84, No. 23, 72 (June 6 
thid., 8S, No. 4, 45 ( July 25, 1959 
is d., No. 17, 72 (Oct. 24 
ecring, 188, No. 4871, 106 (Aug. 28, 1959 
20) E. Gorin and H. L. Recht. Mech. Eng., 81, N« 
March 1959): discussion, thid.. No. 9, 86 Sept. 1959 
21) ind. Eng. Chem., 49, No. 11, 32A ( Nov, 1957 
22) Ind. Lal 10, No. 2, 583 (Feb. 1959 
23) H. A. Liebhafsky and D. L. Douglas, Mech. Eng., 81, 
No. 8, 64 (Aug. 1959 
24) Mech. Eng., 79, 1050 ( Nov 
25) thid., 81, No. 11 
Thermionic Converters 
26) Chem. Eng., 65, N 
27) thid., No. 10, 70 (May 


65, No. 22, 49 

26, 30 ( Des 

Aug. 10, 1959 
1. 1959 


June 8, 1959 


1959 


1459 


1a kn ” 


1957 


1959 


28 

2u 

ot) rnqvist Vac 

31 bid., No. 5, 26 (May 

32) Power, 103, No. 5, 161 (May 

3) Power R ; Techn 2. 
4) G. W. Wilson and B. C. Lindk 

4871, 97 (Aug. 28, 1959 

35) V.C. Wilson, ASME Pay 

Thermoelectric Generators 
36) Chem. Ep 66, No. 12, 76 (June 15 
7 Chem. Ep \ 37, No. 26, 36 (Tun 
38) thid., No. 28, 52 (July 13, 1959 
19) ibid., No. 37, 37 (Sept. 14, 1959 
40) Chem. Week, 84, No. 12, 93 (Mar 
$1) thid.; No. 15, 84 (April 11, 1959 
42) sthid N 5, 92 (Tune 20, 1959 
413 lech. En , No. 10, 83 (Oct 
44) thid., o. 7,64 (July 
15) P 103, No. 6, 186 ( June 
16) G. W. Wilson and B. C. Lind , 

$872, 129 (Sept. 4, 1959); ibid., No. 4873, 161 
7 Cc Zener, Ind Lal ,9, No ll 

Magnetohydrodynamic Generation 
18) Chem. En 66, No. 24, 24 ( Nov. 30, 1959 
19) Chem 70 ( Nov 1959 


1058 
10590 


1959 
1958 


Week, 85, No. 19 
5O) tbid., No. 22, 89 ( Nov. 28, 1959 
51 porn and A 

Nov 
52) Chem. Eng., 67, No. 8, 88 (April 18, 1960 
53) Chem. Ene. Ne 38, No. 13, 47 (March 28, 1960) 

54) Chem. V k, 86, No. 13, 84 March 26, 1960 

Direct Production of A. C. 

55) Chem. Eng. News, 38, No. 3, 17 (Jan. 18, 196 
56) Chem. Week, 86, No. 4,65 (Jan. 23, 1960 
57 Vech. Eng 82, No. 3, 87 (March 1960 


103, 


19590 


August 1960 / COMBUSTION 





962 CAPABILITY VS REQUIREMENTS 


MW RE 











Fig. 1—Above illustration indicates adherence to a program of 185 Mw 
reheat units at two year intervals would result in the majority of the 
available capability being reheat by 1962 


By WILLIAM J. BURNS; 


Long Island Lighting Company 


Mr. Burns presents a keen analysis of the peak- 
ing problem with special emphasis on the instrument- 


ation required for each of the projected solutions. 


Instrumentation for Peaking Capacity 


EAKING « currently of 
interest to many utilities 
ire being made to problem of providing system 

demands. For example 
Electric Power and 
Gener 


ipaci ' I ypc prime 


Various approaches 


additions for meeting n 
some companies, such (merical 
Union Electri 
ally 
ind hydrological features 
stallation alternate 
Maine Public Service at 
generators Phe 
being investigated actively by the industry 
jual incremental peaking 


have plans for pumped storage 
nature has not provided the topographical 
essential to this type of in 


applied 


however 


and lutions must be 
d others have installed diesel 
ipplication of gas turbines also is 
Develop 
work is underway 
generators designed for base load operation and 
output for short 
Finally 


been considered and 


ment 
turbine 
idditional 


capable of substantial 


periods of time at some sacrifice in efficiency 
low cost steam electric plants have 
in certain instances found attractive from an economic 


viewpoint 
Need for Peaking Capacity 


The need for additional peaking capacity is not 
universal but depends upon f 
vidual system. In the case of Long Island Lighting 
Company the characteristic of the electric load is such 
that a sharp peak occurs, presently reaching a maximum 
in the winter of this peak load is such 
that the top 20 per cent of the load lasts only 140 hr 


This condition pertains currently despite the 


ictors peculiar to each indi 


The severity 


per year 
fact that summer loads have 
the winter peak in the foreseeable future 


been rising and may match 


* Presented before the rd Nationa , Power Instrumenttaion Sym 
sium, May 9-11. 1960 an Pras alif ponsored by the Instrument 
of America 

t Manager of Mechani 


society 


al Engineer H iL. 3 
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To date the problem of providing generation for peak 
loads has been resolved by utilizing our older, less effi 
cient units. Rapid improvements in steam plant effi 
ciencies have made it economical to install reheat equip 
ment for base load operation, with the result that our 
rapid load growth in the last decade, which has required 
that we more than triple our capacity, has been met 
by installing high pressure, high temperature reheat 
units. However, we now find that our system heat 
rate has leveled because of the large amount of highly 
efficient capability installed and that further additions 
of highly efficient equipment will do little to improve the 
system heat rate 

Adherence to a program of installing 185 Mw reheat 
units at two year intervals would increase our reheat 
capability to more than 75 per cent of the total capa 
bility by 1962. As illustrated in Fig. 1, relatively new, 
efficient equipment would be relegated to peaking service 
By installing 100 Mw of low cost peaking generation in 
1962 the load factor on equivalent reheat capability 
would be improved. In addition, present worth savings 
in excess of $3,000,000 appear realizable by delaying in 
stallation of a large reheat machine for one year. 

Economic loading studies have been made to sub 
stantiate the justification for seriously considering in 
stallation of peaking capacity. We have found that over 
a ten year period the projected capacity would operate 
an average of 250 hr per year for annual peak loads and 
maintenance outages of other units. These limited 
hours of operation establish that the major criterion in 
selection of peaking generation for our system must be 
one of minimum investment even at a sacrifice in effi 
ciency, provided there is no sacrifice in reliability of 
operation 
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Installations Considered 


As a basis for our investigations we have sized the 
peaking plant to be equivalent to our annual load growth 
and related reserve requirements, or approximately 100 
Mw. To provide this capability we have considered 
diesel generators, gas turbines and steam electric units 
with cost estimates being predicted upon 1962 operation 
In our reviews close attention has been directed to the 
peaking 
deter 


these types of 


that 


instrumentation for each of 
capacity. The 


mined are summarized below 


salient features have been 


Diesel Generators 


In our analvses we have credited diesel generators with 


outstanding control flexibility Our review of the 
design features and field investigation of operating units 
have concluded that unattended, remotely operated, fast 
Che base plant 
we have considered consists of multiple blocks of four 
2000 kw supercharged machines coupled to a common 


electrical control center 
Eac h 


with 
to an engine having the necessary oil coolers, filters and 
100 gal fuel tank on each 


responding generation can be obtained 


power unit contains a synchronous generator 


a regulated static type exciter, directly coupled 
engine cooling system. A 
machine is supplied from a central, large storage tank 
with provisions being incorporated lor protective action 
and indication for improper fuel level conditions. Dur 
ing shutdown periods when the plant is on standby, 
engine temperatures are kept ready for fast starting by 
means of thermostatically controlled electric heating 
and means for recirculating oil and water to maintain 
proper conditions 

By means of the instrumentation furnished as an 
integral part of the piant a single pushbutton station, 
located as desired, is sufficient to initiate start up and 
shutdown procedures for the total block of capacity. 
Normally, the basic four unit plant is designed to operate 
at its full rated capacity of SOOOkw. The added expense 
of providing for load sharing between generators or 
partial loading of individual units is not considered es 
sential for peaking operation. The additional equip 
ment required for dead load pickup has been included in 
our layouts 

Fig. 2 shows a block diagram of the automatic control 
system which will and dis 
connecting of the various systems required for opera 
tion of the plant, provide protection of itself and the 


sequence the connecting 


systems against abnormal operation, and supply ap 
propriate indications when such operations have oc 
curred. Upon receipt of a single impulse signal, derived 
from an external source, the instrumentation will start 
the individual generating units by successively moving 
each engine from a static condition to an rpm sufficient to 
allow it to reach self-sustained firing speed. The battery 
operated starting motor is disconnected when signaled 
by an engine speed sensing device. As soon as the first 
engine has fired a crank signal initiates the sequence for 
the second engine, etc., until all units are operating 
Machines are synchronized with the line, each breaker 
closed and the units loaded to full load successively 
A magnetic amplifier type regulator with auxiliary con- 
trols regulates the voltage to permit operation of the 
plant in parallel with the transmission system. Com- 
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Fig. 2—Block diagram of automatic control for a diesel generator to 
permit connecting, disconnecting, protection and supply warning signal 


bination differential protective relays protect the indi 
vidual the power 
capacitors and lightning arresters also are provided 


The abnormal conditions that will be detected and for 


generators and main bus. Surge 


which corrective action will be taken included conditions 
fault; surges; 
ground or phase fault; and unit field over 
addition to the protective 
will shut down automatically in the 


of: external reverse power; voltage 
overvoltage ; 
current. In 
relaying, the 
event of excessive cooling water temperature, low lubri 


suction 


operation ol 
engine 
cating oil and high lubricating oil 
An annunciator indicates the reason for the shutdown 

voltmeter, a-c 


pressure 


Metering equipment includes an a~ 
kvar frequency 
switching permits each of these 


meter meter meter and 
kwh meter. Selective 


devices, except the Kwh instrument, to meter individual 


ammeter. kw 


power units or the total group 

A complete control station averages about 15 per cent 
of the total installed cost for diesel generator peaking 
capacity rhis amount does not include extension of the 
controls to a point beyond the plant location but does 
include all switchgear, line circuit breakers, auxiliary 
power transformers, and a battery and battery charger 
A cost breakdown would have little significance, because 
the control unit is available only as a complete package 
complete automation to the 
coupled with the inherent character- 
istics of the prime and electrical 
makes possible the attainment of full output of the plant 
Thus there is the possibility that in addition 


Application of diesel 
generator plant 
movers accessories, 
in YO sec 
to furnishing peaking capability there might be reason 
able argument that the capacity can be treated as spin 
ing reserve even though idle 


Gas Turbines 


Rivaling the diesel generator from the standpoint 
of completely automatic operation is the gas turbine 
plant we have studied. An installation of two simple 
cycle, distillate oil fired gas turbines having a combined 
winter output of about 50 Mw has been established 
as the basic plant for review purposes. The 
design, which incorporates instrumentation for 
operation as well as supervisory equipment for remote 
unattended operation, permits expansion of the installa- 


station 
local 
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Fig. 3—Gas turbine contro! diagram shows a number of actions take place 


when the starting signal is given. See text for details 


tion to a four unit plant or construction of an identical 
two unit plant at another location to produce the desired 
\ll electrical equipment 


been located on the operating 


00 Mw of peaking capacity 
essential to control has 
floor 


exciter are 


generator and main 
and exhaust 
local conditions 


For each unit the gas turbine 


direct connected The inlet 


silencers have been selected to satisfy 


and silencer size, attenuating characteristics and effect 
on output have been considered in relation to the noise 
level requirements 

rhe plant is designed to be completely self-protecting 
mechanical mal 


conditions of electrical or 


For unattended operation, starting and stop 


under all 
function 

ping of the units would be initiated from a remote point 
by means of code selector supervisory control. As shown 
when the starting signal 
various operations occur automatically. The 


are energized are the auxiliary lube oil 


by the control diagram, Fig 
is given 
auxiliaries that 
control air main 


pump extractor 


cooling water valve 


vapor compressor, 
ly pump, ventilation fans 
Interlocks in the 
verify that all essential 


turbine starting se 


fuel supy 


and ventilation louvers (to open 


turbine master starting relay 
iuxiliaries are established and the 
Che turning gear starts and the 
to firing speed. After a 
The cranking motor 


then accelerates the unit to self-sustaining speed and 


quence is thus initiated 


cranking motor accelerate 


purge period the turbine is fired 


while the turbine continues acceleration 
When the 
the automatic synchronizing equipment is activated to 
idjust speed and close the generator breaker when the 


When the 


motor 


shuts down 


to rated speed Starting sequence 1s completed 


generator and system voltages are in phase 
breaker is the go 
automatically is operated to the maximum load position 


closed vernor synchronizing 


which places the turbine under exhaust temperature con 


trol Maximum output will be maintained for the 


existing ambient temperature 
The above the attention 
of an operator, although company policy might dictate 


operations do not require 


the presence of at least one man in the plant at all times 


| 


Conditions which could lead to equipment damage are 


instrumented to trip the unit. Included in these classi 
fications would be turbine overspeed, loss of flame, fail 
ure to fire on start, high exhaust temperature, vapor ex 
tractor not running 1 time delay), high lube oil 
temperature, low lube oil pressur: 
high bearing cavity tem 


(alter 
incomplete starting 
sequence, excessive vibration 
perature, high thrust bearing oil drain temperature and 
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generator trouble resulting in generator breaker opera- 
tion ‘+ 


Incipient conditions, such as those which would reduce 


plant output, sound an alarm. The alarms and trips are 
all indicated by the annunciator on the gas turbine 
control panel in the station. At the remote operating 
point a single light indicates annunciator operation and 
requires the dispatching of a man to investigate 

The cost of the instrumentation for the completely 
automatic remotely controlled gas turbine plant described 
above amounts to about 4 per cent of the total installed 
rhe basic design is predicated upon complete auto 
mation; consequently, it is unlikely that any savings 
would result from the substitution of manual for auto 
matic control of any or all of the starting, running and 
shutdown operations. The remote control equipment 
included in the above figure amounts to about */, of 
| per cent of the total plant cost 


cost 


Dual Incremental Peaking Turbine Generators 


In addition to diesel generators and gas turbines we 
have reviewed the dual incremental peaking steam 
turbine generator as an attractive means of providing 
peaking generation. Equipment to provide efficient 
base load capacity for normal operation, plus, at a higher 
heat rate, better than 50 per cent of the base capability 
is being developed by the manu 
[wo approaches are 


as additional output 
facturers of turbines and boilers 
being pursued. In one instance the design of the dual 
unit is predicated upon increasing the throttle steam 
pressure to accommodate the overload condition. An 
alternate design incorporates bypassing of the high 
pressure section of the turbine and supplying an increased 
quantity of reheated steam to the low pressure end of the 
turbine to increase the output 

The instrumentation for 
been reviewed in detail in our study, for development has 
not progressed to the point that serious consideration 
could be given to purchase of a unit for installation in 
1962. However, the dual unit is viewed favorably 
as a potential source of low cost peaking capacity, for 
present indications are that a combination unit designed 
for a base output of 180 Mw and a peak load output of 
250 Mw may provide peaking capacity at an incremental 
cost per kw of about one-half the cost per kw of a base 
load reheat machine 


these innovations has not 


Low Cost Steam Electric Plant 


While the Long Island Lighting Co. has given serious 
thought to the above methods for providing peaking 
capacity, more detailed investigations have been centered 
around low cost steam electric peaking units. Cost 
studies have demonstrated that a low pressure, low tem 
perature installation which would include minimum heat 
recovery equipment, limited structures, and single 
auxiliaries compares favorably in cost with the other 
proposals analyzed 

With cost differentials thus and after 
taking into account location, number and complexity of 
units, operating experience, and other factors 
we have concluded that a steam electric installation 
would be the most suitable for our requirements. 


discounted, 


noise, 


Evaluation of steam cycles has shown that the mini 
mum cost plant would be achieved using an 850 psig, 
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Fig. 4—Plant layout at the Edward F. Barrett Station, Long Island Lighting Co., demonstrates the way in which a 100 Mw low cost steam generator 
could go in near the existing 185 Mw wnit and not limit further expansion 


900 F non-reheat steam turbine, an oil fired, pressurized 
fan and no air 
full size boiler 

pumps. The 
best heat rate of such an installation would be expected to 
be about 14,000 Btu per kwhr., but the total fuel con 


sumption would be low because of the anticipated limited 


steam generator, with one forced draft 
heater, one feedwater heater and single 
feed, condensate and circulating water 


operating period 
Analyses of available 
Edward F. Barrett Station 
ISS Mw reheat unit 
existing transmission facilities are capable of accommo 
dating an additional 100 Mw without supplementary 
outlets, whereas at other possible locations added trans 
mission costs would be involved As shown in Fig. 4 
a 100 Mw peaking unit could be located adjacent to, 
but distinct from Unit 1, the 185 Mw reheat unit 
not to limit the extension of the existing plant. By 
utilizing a compact design two 100 Mw peaking units 


that 
an existing site containing 


sites have determined 


one would be preferred because 


SO as 


could be placed within the span of the existing crane 
Units A and 1 would be 
limited to air, service water and condensate for emer 
gency around the unit would be 
minimized, for the plant would be of the outdoor design 
as has been our practice for the past decade with any 
siding being lightweight aluminum. Fig. 5 
that the turbine pedestal would not provide lay-down 
space and during overhauls, parts would be placed on the 
paved area between machines or upon the Unit 1 deck 


Interconnections between 


needs Enclosures 


indicates 
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By locating the turbine as close as possible to the boiler, 
an enclosure encompassing the turbine standard and the 
oil burners is formed suitable for containing the main 
the recorder and relay board, the 4 kv 
motor control center and a 480 v 
It is anticipated that the unit 
operated and 
Selection 
control is 
There 
iwO v 


control board 
the 
transformer 


switchgear $80) y 
SOO kva 
would be capable of being cold started 
from service by two 


removed operators 


of centralized control over decentralized 
indicated on the basis of minimum installed cost 
local control stations, all 4160 and 


directly from the switchgear im 


would be no 


motors being started 
the control room 

To keep costs to a minimum the turbine would be 
sized to utilize all available capacity of the last stage 
blading which means exceeding the normal design fac 
tors applied to conventional turbines. Generator size 
would be reduced by specifying a minimum short 
circuit ratio of 0.50 and a power factor of 0.95, and by 
taking into account the cooler hydrogen to the generator 
windings afforded by the low temperature of the cooling 
water during the winter period. The condenser would 
be sized for a turbine backpressure of 3 to 3'/;-in. of 
mercury under winter conditions and 6 to 6'/» in. of 
mercury in the summertime. The slightly reduced out- 
put of the peaking unit under summer conditions would 
be tolerated. Major areas of cost reduction on the 
boiler would be: fuel burning facilities for heavy oil 


only, pressurized furnace, high furnace heat release rates 
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load, no regenerative air heater, single 
forced draft fan draft fan, no dust collector 


and location of the stack close to the boiler gas outlet 


at maximum 
no induced 


A major cost reduction would be achieved by utilizing 
the transformer for starting and 
auxiliary power for the 1 Mw unit 

savings in electrical equipment 
controls for all motors 


existing Unit | starting 
Miscellaneous 
additional would be 
realized by providing only sing 
from the switchgear or the 480 v motor control center in 


the operating area 


Design Criteria for Peaking Capacity 


Because initial operating and design of the steam power 
plant for only peaking service imposes conditions which 
the 


com passe d inl 


are unique following msiderations would be en 


1 


both the plant design and equipment 


guarantees 

l Average annual operating time of 250 hr ranging 
from 1000 to 50 hr per year 

y Average of 50 start-ups per year with minimum 
start-up and shutdown time 

3. Recognition of the fact that layup periods would 
range from overnight to many months 


} (Anticipated 
five year ind 


maintenance scheduling of minor 


overhauls every major overhauls every 
ten years 
5. Suitability of equipment for continuous operation 


for extended periods if required 
Instrumentation for Steam Electric Peaking Units 


Instrumentation and controls for the steam peaking 
would be 
installed in a conventional centrally controlled steam 
his would largely be a result of the fact that the 
1 more simplified compact unit 
to be controlled and there 
control equipment needed is 


unit considerably reduced from that normally 
plant 
peaking unit would be 

Che simplicity of the cyck 
the 
demonstrated in 


small amount of 
Fig. 6 
for the 100 Mw unit Lin 
to be installed and 
location directly on the switchgear compartment would 


lore 
which shows the flow diagram 
iting the number of auxiliaries 
their singl 


limiting control to a 


further reduce the quantity of control equipment re 
quired 
would permit development 


The 


as con 


rhese plant design feature 
of the 
length of this bo 
trasted with the 


our fired, 185 


shown in Fig. 7 
2 ft 
36 ft long complex board for one of 
there 


compact control board 


ird would measure only | 


coal Mw reheat units Moreover 


MAIN CONTROL BOARL 
TURBINE CONTROLS 
OIL BURNERS 
4KV SWITCHGEAR 
MOTOR CONTROL 
500 KVA TRANSF 


CENT 


RMER 


Fig. 5—Close quarters for an outdoor plant design indicates turbine 
pedestal would not provide lay-down space so area between machines 
would be used during overhouls 
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would be only about 150 controllers, indicators, re 
corders and annunciators required for the peaking unit 
100 are installed on the 


Annunciators 


control board whereas almost 
control panel for the conventional unit 
would comprise about 70 of the items on the peaking 
unit control board and 130 of those on the reheat unit 
control board 

For the same reasons the number of plant instruments 
and controls could be reduced from more than 500 to 
about Included in totals are all pressur 
gages, thermometers, thermocouples, resistance elements, 
test float 
switches, and control rhe 
for thermometers pressure 
cision test pressure gages could be reduced considerably 


200 these 


wells, solenoid valves switches, pressure 


number of wells 


tor 


valves 


test and taps pre 
because extensive plant performance tests to check efh 
ciency would not be warranted for a low efficiency plant 
designed for short duration peaking service only 

A further reduction in plant equipment would be 
elimination of bypasses around control 


all valves would be 


achieved by 


valves. However provided with 
means for local hand control 

The the 
Mw steam electric peaking unit would amount to about 


rhis percentage 


estimated cost of instrumentation for LOO 
27, per cent of the total installed cost 
does not differ materially from that experienced for a 
185 Mw unit 


costs on the basis of 


However a comparison of these 
$ kw the 
unit instrumentation and control cost would be 
one-half that for the reheat unit 

While many reductions have been contemplated in the 


reheat 
peaking 
less than 


indicates that 


quantity of instrumentation and controls, conventional 
equipment would be employed almost exclusively 

As customary in the Island Lighting Co.'s 
plants, both the boiler feedwater control and the com 
bustion controls would be designed for automatic opera 


main control 


Long 


tion with remote manual control from the 
board. Feedwater flow from the single constant speed 
motor driven boiler feed pump would be regulated by an 
air operated valve actuated by a three-element control 
similar to that installed on units 
The combustion control system, which 
plified because only heavy oil would be burned, also 


system our reheat 


would be sim 


a conventional system employing the usual 
safety interlocks and alarms for 
The system 


would be 
fuel oil control valves 
supplying mechanical atomizing oil burners 
would be designed for automatic operation from full 
down to 10 cent load. Fuel flow would be 


load per 


TURBINE 





fa 


SUPERHEATER 











Fig. 6—Flow diagram fer « 100 Mw low cost steam generating unit 
emphasizes its simplicity and hence its low contro! requirements 
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Fig. 7—The simplified, compact peaking boiler with its straight-forward cycle, Fig. 6, gives a much desired compact control board 


Panel Instruments and Controls 


\nnuncrators 
Clock 
Generator load 
Generator hydrogen temperature 
Generator stator field and transformer temperature 
Cooling water and turbine lube oil temperatures 
Vibra amp and shell differential 
Power units 
Speed, valve position and eccentric 
Feed flow and steam temperature 
|1——-Boiler performance 
12--Conductivity 
1.3--Steam temperature 
14-—-Boler drafts 
1>-—Drum level gage 
\—-Boiler drum pressure 
B—Throttle conditions 
C-—-Air supply pressure 
1} Hydrogen pressure 


the 
maintain the 850 psig throttle pressure as load is changed 
Air flow would be regulated by the forced draft fan inlet 
vanes which would be controlled from an impulse from 


regulated by master steam pressure regulator to 


the steam flow metering nozzk 

Interstage desuperheating sprays would be used for 
manually controlling superheater outlet steam tempera 
ture from the for the top 10 to 
\5 per cent load. At loads remote manual ad 


maim control board 


lower 
justment of excess air would be provided 
control would be a completely 


Condenser vacuum 
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lurbine operating pressures 

Generator lube oil pressures 

Synchronizing meters 

(Generator conditions 

Exciter conditions 

Exciter switch and rheostat 

Switches and rheostats 

Valve positioning switches 

Burner and ignition pressures and temperatur« 

Firing system safety indicators 

Combustion control manual-auto relays 

Manual control relays 

Position indicators 

Air flow ratio and min. air flow relays 
oiler feed pump recirculation relay 
Condensate pump recirculation relay 
Recirculating valve position indicators 
Auto-manual feedwater control relay 

X— Emergency trip switch 


automatic pushbutton operated system using a single 
electric motor operated vacuum pump for hogging and 
he unit 


sembly containing all valves, controls, air leakage meter 


holding would be a complete compact as 


etc., mounted on a single base plate 


Special Features of the Steam Plant Control System 


Several special provisions have been contemplated in 
the 100 Mw steam plant for adequate condensate makeup 
despite only a few hours daily operation, to accommodate 
lay-up periods ranging from overnight to several months 
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and for either rapid or controlled type start-ups. 
The plant condensate makeup re 


quirements would be p 


steam peaking 


rticularly severe because of the 
large number of start-ups and the short duration of opera 
tion The first would that more 


makeup be provided than for a base load unit while the 


onditior require 
second condition would limit the operating time for a 
makeup system which could produce only while the plant 
IS in Operation 

To meet these conditions there would be a package 
type two bed demineralizer which could be placed in 
eration entirely independently 
Selection of this 


Savings over an 


1utomatic oF 
the peaking 
of system would offer considerable 


unattended 
ol operation ol unit 
type 
sized at a much 


evaporative system because it could be 


for 24 hr operation 


smaller capacity 
Operation of the demineralizer system would be con 
trolled by the 


storage tank 


60.000 gal condensate 


4 
water through the cde 
regulated to maintain an 


water vel if 
The flow 


mineralizer system would be 


city 
effluent purity of otal solids and 0.1 ppm silica 
would be con 
cell located at 


totalizing water 


Regeneration of the demineralizer beds 
trolled 
the 


\n increase 1n 


ily b mductivity 
outlet 


the dischars ondensate impurities above 


automat 
demineralizer meter 


the limiting values or predetermined total raw water 


would actuate a program cycle controller for auto 
pletion of the regenera 


returned auto 


flow 
matic regeneration 
the demu 


nor 


tion cycle would be 


matically to 


Since selection ineralizer system would bh. 


based on unattended operation independent of the 


peaking unit, remote obs« n for detection of operat 


ing faults would appear neces This would be ac 
the 


which is attended at all 


sSsa;©ry 


complished by placing an annunciator in nearby 
185 Mw reheat unit cor | room 
times 

In addition to the demi lizer 


servation 


there are several other 
Che 


for all but prolonged lay 


systems requiring ren generator 
would be filled with hy: 
that a 


would be required 


overs so hydroget ystem remote annunciator 


Peaking unit room temperature would also be moni 


tored by an annunciator in the Unit 1 control room in 


order to detect failure of the 
up 
Similar remote annun 


heating system and potential 


freeze while shut during winter months 


would be provided to ce 


tect failure of operation of strip heaters in outdoor elec- 
tric motors and for fire alarms in the peaking unit 

During the peak load operating period in winter 
months the peaking unit would be called upon for fre 
quent daytime operation. Operating savings would be 
realized by designing the plant for rapid start-up and 
minimum start-up heat losses 

Specifications for all major equipment and control 
equipment would include requirements. The 
steam generator would be provided with special thermo 
couples in the boiler drum to observe drum skin tem 
peratures while starting. For shutdowns 
rapid start-up of the boiler would be insured by pro 


these 


overnight 


viding remote manually operated dampers at the forced 
draft fan discharge and the stack inlet for bottling up 
furnace heat. This provision would also minimize start 
ing losses which would be relatively small in comparison 
to a large reheat unit because there would be less equip 
ment to be heated to operating temperature in the com 
pactly designed peaking unit 

The turbine generator, which would be provided with 
all the standard complement of control and supervisory 
instruments, also would be provided with special thermo 
couples in the high pressure turbine shell to observe 
temperatures during the start-up period. As would be 
the case with the boiler drum, start-up time would be 
the maximum allowable thermal stresses 1n 
Since starting 


dictated by 
the parts 
would depend upon the duration of the shutdown period 
the minimum safe start-up time could be achieved 


heavy-walled temperature 


Summary 


Instrumentation for various types of peaking capacity 


has been reviewed Diesel generators and gas turbines 
are designed basically for completely automatic opera 
tion. This feature this particularly 
adaptable to utilization at outlying points on the trans 


mission system where possible deferment of additional 


makes capacity 


transmission as well as peaking capacity enhances thi 
However, for bulk peaking power 

station the 
to offer certain 
What 
sidered in future analyses will take 
the dual incremental peaking turbine generator probably 


economn 
located at a 


plant 


ispects 


central site low cost steam 


electri appears superior ad 


vantages at this time form installations con 


is indeterminate, but 


will warrant close examination 


Dresden Achieves Full Power 


Nuclear 
largest atomic power plant 


Commonwealth Edison mpany'’s Dresden 
Power Station, the 
demonstrated full-power operati 
last Tune sf) 


transmissio! 


nation 
n for the first time, it 
1SO.000 kw of 
Chicago 


was announced sending 


electricity over lines into ind 
northern Illinois 

At full the nation’s full-scale 
financed station produces enough electricity to supply 
the in 200,000 population 

After this demonstration, tests 
will be performed 

Officials of General Company, designer and 
builder of the 51 million dollar plant, called first full 
power a milestone which indicates atomic energy has at 


and 


power first privately 


more th 


needs of a city of 
it various power levels 


Electri 


ilongside coal, oil and gas 


last assumed its place 
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hydroelectric as an important source ol power lor peace 
time 
The 
west of downtown Chicago, comes almost 18 years after 
the Enrico Fermi 
achieved the first atomic chain reaction under the stands 
of Stagg Field at the University of Chicago on December 
2, 1942 
Dresden 
and completed within the original schedule 


generation of electricity 


ichievement at Dresden, located 50 miles south 


atomic age was ushered in here when 


which was under construction three years 

will be one 
of the prime sources of information on the operation of 
large nuclear electric plants for the next 
will hold the distinction of being the nation’s 
largest operating nuclear power reactor for at least that 


long 


four years, 
as it 
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Engineering Excellence Pays Off In Operating Efficiency 


‘BUFFALO’ CYCLONE COMPRESSOR 


HIGHLY EFFICIENT 


Tailor-made to each job, these cyclone com- 
pressors provide power savings unobtain- 
able with other designs. Exclusive engineer- 
ing features such as generous inlet boxes, 
semi-circular inlet bell and matching wheel 
flange, deep air foil blades, streamlined scroll 
and divergent outlet all contribute to high 


static efficiency and lower noise levels. 








Buffalo’ ¢ 
Compressor Air Foil Wheel was the 





When built. this yclone 








argest of its type. “Buffalo 





tinues to pioneer mechanica 


design to keep pace with bo 


TYPICALLY DEPENDABLE 


Designed, engineered and built for years of 
continuous, trouble-free service. Hammered 
forgings, machined all-over, are used in all 
highly stressed areas. 4”steel plate is used 
in housings and ¥” plate in boxes. Engi- 
neered welding is double-checked by X-ray. 
Sleeve type bearings are supplied with cir- 
culating oil system where required. Engi- 
neered sound attenuators are available. 












quirements. Call in your ‘Buff 
Engineering Representative. He 


the right fan for every jot 


BUFFALO FORGE COMPANY 











Buffalo, New York 





Buffat a handing equipment to move heet 
C00/, dehumidily and clear 4/7 and other gases 


_— 
Buflaso Centrifuge! Pumps to handle most bquids b Squier machinery to process suger cane, coffee and rice, 
*~. and slurries under a variety of conditions Spec:a/ processing mechinery for chemicals. 
+ , 
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Buffa/o Machine Toots to drill punch shear bend, silt, 
notch end cope for production plant manterance 
: 
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Send for this bulletin. Hagan’s PowrMag analog computer 
control offers the highest degree of flexibility yet devised 
for industrial control. A new bulletin, MSP-163, shown 
above, gives full details on the system, the magnetic control 
units, the patchboard, and provides useful information on 
determining computer requirements.HAGAWN coerce xe. 


s-.acdea Mace 


SEND FOR YOUR FREE COPY TODAY -....... 2. s> wat cnensoss wots Mane. ite 
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Plant Design Considerations Utilizing 
Largest U. S$. Raw-Lignite-Fired Boiler 


ud 
- ana 


By T. Y. MULLEN* 
Burns and Roe, Inc. 





Fig. | Most recent generating capacity at the Hoot Lake Station, Otter Tail Power Co., features raw lignite brought in by railroad to double track hop- 
pers, a car shoker, o crusher tower for eventual pulverized firing 


ISTORICAL records of the city of Fergus Falls, 
Minnesota an early hydraulic turbine 
which in the year 1SS2 drove a pulley system, to 

serve local industry. In approximately 1902, additions 
to the turbine system made it possible for the turbine to 
generate electric power sufficient for “200 lamps,” in 
addition to driving the pulley system. From this early 
beginning, the Otter Tail Power Company has grown to 
the point where it has just completed installation of the 
largest raw-lignite-burning boiler in the United States; 
to supply steam for a 53.5 mw turbine-generator installed 
Hoot Lake Station in 


describe 


in the newest extension to its 
Fergus Falls 

Estimates prepared by the U. S. Bureau of Mines at 
Grand Forks, North Dakota (1),findicate that lignite 
constitutes about 24 per cent of the remaining U. S 
reserves of solid fossil fuel, on a tonnage basis, and about 
15 per cent on a Btu basis. The greatest portion of this 
lignite is in North Dakota. The proximity of this large 


supply of fuel, combined with a certain economic ad 


* Chief Mechanical Engineer 
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vantage over the use of coal, makes lignite the natural 
choice for this unit. 

The development of lignite 
burning equipment dates back to about 1925. In 1926, 
the first successful pulverized lignite installation was 
made at the Trinidad station in Texas in four boilers, each 
generating 185,000 lb of steam per hour. Subsequently, 
other lignite-burning units were insta!led at the Comal 
station also in Texas 

Much of the later development work, covering the 
firing of North Dakota lignite for industrial purposes, 
was conducted by the Otter Tail Power Company in 
various stoker-fired plants. Based on this experience, 
the first modern pulverized fuel installation was made 
at their Crookston, Minnesota, station which commenced 
operation in 1948. As this boiler is located alongside a 
similar stoker-fired unit, it has been possible for the com- 
pany to conduct numerous comparative performance 
tests (2), both independently and in cooperation with 
the Bureau of Mines and the University of North Dakota. 


successful industrial 


t Numbers in parentheses refer to similarly numbered items in the Refer 
ences at the close of the article 
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Data obtained from these tests provided sufficient back 
ground for Otter Tail to plan to install the largest pul 
verized raw-lignite-fired boiler at the Hoot Lake Station 

rhe following major components of the new extension 
of the Hoot Lake Station are of particular interest: 


Steam Generating Unit 


The new has a Combustion Engineering 
tangentially fired steam generator having a capacity of 
100,000 Ib per hr at 1500 psig and 1000 F, with a four 
hour overload capacity of 420,000 Ib per hr. After 
passing through the high-pressure end of the turbine 
most of the steam is subsequently reheated to 1000 F 
The selection of this type of unit and the steam condi 
tions was determined in an overall economic study which 
included and = fuel 


related operating costs and expected unit loading 


extension 


consideration of equipment costs 


The design of a steam generator for pulverized lignite 


firing presents certain problems generally associated with 


the low heating value and high moisture content of the 
fuel. These problems are in addition to those normally 
encountered in the design of conventional pulverized coal 
fired units. However, high ash content, often en 
countered in lignites found in other parts of the world, is 
not typical of North Dakota lignite 

Che design characteristics of the steam generating unit 
limited 
furnace 


and the 


have been conservatively calculated because of 
operating expenence fuels. The 
heating surface is approximately 8410 sq ft 

furnace volume is 31,000 cu ft, both of which are generous 


with lignite 


when compared to a coal-burning unit of similar steam 
ing Capacity 

Che following proximate fuel analysis was used for 
design purposes. However, to allow for change: 
source of the lignite, the unit capability is suflicientl, 
flexible to satisfactorily burn fuel with a moisture con- 


ot 
iD tile 


tent as high as 42 per cent and a heating value, as 


fired, as low as 6500 Btu per Ib 


Moisture, per cent 36.97 
Volatile Matter 
Fixed Carbon 
Ash 
Potal 
Btu/ lb 
Sulfur 


per cent 27.90 
29.00 
per cent 6.13 
100.00 

6900 


0.72 


per cent 


per cent 
as fired) 
per cent 


Naturally 


are also larger than would be furnished for a 


pulverizing capacity and draft-producing 
equipment 
bituminous-coal-fired 
Four, bowl-type pulverizers with integral exhausters are 


1 300-hp motor rhe nominal 


unit of comparable capacity 
provided, each driven by 
capacity of each pulverizer is 32,700 Ib per hr, based on 
pulverized toa 
rhe 
normal steaming capacity of the boiler can be maintained 
rhe fuel is normally 


fuel with a grindability of 50 Hardgrove 
fineness of 70 per cent through a 200-mesh screen 


with three pulverizers in service 
supplied to 16 tilting tangential burners. Provision was 
made to add gas-burning nozzles to the lignite burners at 
a future date this fuel be 
competitive with lignite or if lignite becomes unavailable 


One forced and one induced are provided with ca 


should available at prices 
fan 
pacities of 167,000and 262,000cfim, respectively. Because 
of the large mass flow through the boiler, both 
heater and reheater surfaces are smaller than those for a 


super 
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comparable coal-fired unit. On the other hand, the 
dust collector and air heater are larger, to accommodate 
the large gas flow leaving the boiler 

of fine lignite ash have 
been discussed elsewhere (2). One of the most undesir 
able of these is the tendency for the ash to build up 
causing serious operating difficulties in the most unex 
This tendency becomes aggravated as 


The peculiar characteristics 


pected places 
the flue gas temperature approaches the dew point. Be 
cause of its physical location at the outlet of the air 
heater, the dust collector 1s particularly vulnerable to 
this buildup. therefore been 
eliminated in so far as possible in all parts of the unit 
and the lanes between the superheater elements are 
widely spaced to prevent bridging 


Horizontal surfaces have 


Other features incorporated in the design of the unit 
to minimize difficulties are (a) sectionalizing the dust col 
lector by providing dampers to maintain high gas ve 
locity at low loads through this unit; 
collector tube size to compromise between high collecting 


»b) evaluating dust 
efficiency and operating continuity; (c) providing ele¢ 
trically operated hammers between the dust collector 
tube lanes; 
dampers to partially bypass the air heater at low loads 


d) providing cold air bypass ducts and 


in order to maintain flue gas temperature above the dew 
point 

rhe latter precaution was incorporated in the design 
Fail unit, in order to maintain the 
Several years 


ol a previous Utter 
gas temperature at a minimum of 350 F 
of successful operating experience showed the added in 
After considerable study 


for this dust 


vestment to be fully justified 


9-in. diam tubes were selected collector 
Chis decision was based primarily on previous operating 
xperience with this size tube on smaller lignite-fired 
boilers. The decision to use hammers, to prevent buildup 
which would lead to eventual plugging of the dust col 
lector tubes, was made after considering air and steam 
soot blowers, suspended chains and various other solu 
tions, all of which were rejected for a variety of reasons 
rhe hammers operate relatively slowly and are energized 
from the control when the draft 


dust collector exceeds a predetermine d maximum 


room loss across the 

A steam air preheater is furnished to guard against low 
temperature corrosion of the Ljungstrom regenerative air 
heater. The requirement for this 
when it is realized that winter temperatures in Fergus 


becomes apparent 


Falls are sometimes as low as minus 40 F 


Lignite Handling System 


Run-of-mine lignite is delivered to the plant by rail 
road from the North Dakota lignite mines 
which 


Even during 


weather conditions, have occurred on numerous 
occasions during the past years, car deliveries have been 
remarkably free from interruption. In spite of this, a 
storage area sufficient for about 40 days’ supply is pro 
vided. While space is available for fuel storage expan 
sion, it is contemplated that this supply will be sufficient 
to guard against possible interruptions due to weather or 
other delivery difficulties 


tended to provide stockpiling capacity when the plant is 


The storage area is also in 


operating under low load conditions 

Some problems are associated with the handling of 
lignite which are not normally encountered when handling 
Most of these originate with the high moisture con 
a frequent source of 


coal. 


tent of lignite, and have been 
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operating difficulty in the past As a result of work 
undertaken by Otter Tail engineers and the industry in 
the difficulties in handling hgnite are now no 
more than those encountered in handling coal 
under similar conditions Phe 
include the spraying of the lignite at the mine with about 


| gal of light fuel oil per ton during cold weather to 


general 
severe 
principal developments 


minimize freezing in the cars, and the provision of snub 
bend, take-up, and tail pulleys of open radial slatted 
construction to assist in the breakup of the accumulation 
of fines on the belt. On installation such 


buildup resulted in umproper tracking of the belts on the 


one earlier 
return idlers, causing belt damage through contact with 
the conveyer supporting steel \ most recent modifica 
tion is the provision of doughnut return idlers which will 
further reduce the builduy fines. It is interesting 
to note that oil spraying of the lignite has eliminated the 
Hoot Lake in spite of 


\part from the above 


necessity for a thawing pit at 
the extreme Minnesota weather 
no other special handling of the lignite is required prior 
to its delivery to the pulverizers 

the selection of 


was given to the possible 


Considerable thought was given to 
belt material 
effects of cold-weather operating conditions on shutdown 
f the ind of the 


lignite oil spraying at the mine. It 


Consideratior 
heating system residual oil on the 
resulting from the 
was originally thought that some compromise would be 
necessary in view of the fact that a belt material most re 
sistant to oil is not necessarily the most suitable for cold 


weather operation In addition, oil-resistant belt ma 


terial is generally Investigation of 
tther Otter Tail indicated, however, that 
the small amount of lignite had no adverse 
effect on belts constructed of high-quality natural rubber 
Cherefore, this material was selected for the new installa 
tion. Although the conveyer galleries are heated 
drives are provided to keep the belts in motion, if neces 
freezing Otter Tails ex 
low sulfur content of the lignite, no 


more expensive 
installations 


oil on the 


creep 


sary, to prevent Based on 
perience and the 
stainless cladding of the chute material was considered 
necessary 

Double track hoppers are provided together with a car 
shaker for fast cold-weather unloading of the lignite cars 
Che track hopper also functions as a reclaiming hopper 
from the stockpile. From the track hopper, the lignite 
which is also used for 
the bunker. The 


1 about two days’ supply 


is conveyed to a crusher tower 


stocking-out purposes, and then to 
bunker capacity is 2500 tons 
The the conveyer and crusher system is 


100 tons per hr The « 


capacity ol 


ntire 


ystem capacity can ulti 


‘ 


mately be extended to 450 t per hr to accommodate a 


future generating unit 


Ash Handling System 


encountered in handling 
ind burning lignite certain other difficulties 
associated with the Minne 

sota’s cold winters make hydraulic ash handling methods 
Also is the effect of sluice 
fish be considered 


In addition to the proble1 

there are 
disposal of the lignite ash. 
such problems 


ind wildlife 


undesirable 
water runoff on must 
rherefore, it appeared that a pneumatic handling system 
would probably be more desirable in this instance, even 
f lignite ash has not always 


the past 


though pneumatic handlit 
been entirely satisfactory i 
Certain types of lignite ash have a low specific weighit 
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Fig. 2—Sectional drawing of 400,000 Ib per hr, 1500 psi, 1000 F tangenti- 
ally fired steam generator 


reduces the capacity of 
pneumatic addition, the 
of the lignite fly ash and consequent low mass often make 


thus overloading the 


conveying 
extreme fineness 


which inherently 


systems In 


centrifugal separators ineffective 
airwasher which, in turn, leads to a contaminated air dis 
charge. Additionally, the operation of all pneumatic sys 
tems can be adversely affected if the ash from the furnace 
bottom is either semifluid or partially incandescent 
After evaluation of all these factors, it was decided that 
none would be particularly troublesome and a pneu 
matic system would provide the most satisfactory instal 
lation. The distribution of ash within the boiler is ex 


pected to be as follows 
Per Cent 
Ash Hopper *) 
Economizer Hoppers . 
Air Heater Hoppers 
Dust Collector Hoppe rs 5S 
Stack Hopper 10 


The capacity of the system was optimized at 20 tons 
hr based on the handling of ash from the furnace hopper 
once and the dust hoppers twice, during each 24-hr 
period. Ash from the dust hoppers will be handled 
automatically from the control room during the day 
and night shifts, without manual attention. Bottom ash 
will be handled under manual supervision during the 
day shift only 


Turbine Generator 


Because this unit will operate in an area where se- 
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condary hydoelectric power is available during several 


months of the vear, very careful studies were made to 


determine the load factor which would be expected 
An economic study was prepared covering eight alternate 
combinations of turbine types and steam conditions 
from steam conditions oi 


to 1800 psig 1000 F re 


These combinations ranged 
1250 psig 950 F without reheat 
1000 F. The turbine 
units with 
single-flow units with 23-in 
single case unit operating at 1450 psig 1000 F 


determined to be the most suitable for this application 


heated to 
double-flow 


types considered were 
blades 
From this study, a 
1000 F was 


16.5-in. last-stage and 


blades 


he unit has a nameplate capacity of 53.5 mw at a 
Hga and 30 psi hydrogen pres 
100.000 Ib/hr 


Five 


back pressure ol 1.5 im 
sure Phe throttle 
Che maximum capability 


flow at this load is 
f the 
extraction points are provided 


unit 18s OS.S mw 
Jecause of its extremely 
compact design, the overall length of the unit is less than 


14 ft without the exciter 
Circulating Water System 


While the new unit ts an extension to a plant containing 


two small hydroelectric units, and one 7500-kw thermal 


pur 


ind steam 


the supply of water for condenser circulating 
Both the 
a bypass to the 


unit 
poses will often be limited hydro 
Otter Tail 
ipproximately 70 
As this pond 
is also the source of water supply for the City of Fergus 
Falls, the 
the pond to assure proper operation of the city filtration 
One of the 
circulating water system was that the pond level should 
not that | ft 

Records kept by the Otter Tail Power Company over 
the last 46 yr that, on an water will 
for condenser circulating 


units are served by River 


which leads to a pond at an elevation of 
ft above the basement floor of the plant 


necessity to maintain stable level conditions in 


design conditions for the 


plant is critical 


vary more 


indicate average 


be available from this source 
purposes for about 73 per cent of the year \< 


that, for 


mmpre 


hensive study indicated maximum economy 


1 cooling tower with a capacity of 30,000 gpm was most 


suitable to supply the remaining 27 per cent of the cir 


culating water requirements Chis study also determined 
that a 30,000-sq-ft 

rhe design of the circulating water system incorporated 
a connection to the 
that the 
at periods of low river flows The 


two-pass condenser was required 


7500-kw unit circulating system, in 


order new cooling tower could be utilized on 


this unit layout of 
the system was planned to effect change-over from the 
normal water supply to the cooling tower as simply as 
without excessive 
This 
butterfly 


room The 


possible, without water hammer and 


loss of chemicals from the cooling tower system 


is achieved by the use of a single 36-in., 3-way 
valve operated remotely from the control 
iperating cycle of this valve takes 40 sec from one ex 
treme position to the other 

Because the water supply to the hydro and steam units 
is provided through a common S8-ft square cross-section 
further was made of 
which could be expected in this 
of load of both 
the 


To avoid 


concrete tunnel, a investigation 
the potential surge 
tunnel on the 


units It 


sudden simultaneous loss 


hydro was utilize screen 


chamber for the new unit as a surge chamber 


planned to 


having to design this chamber with abnormal surge ca 
# the anticipated surge was re 
he studies indicated that 


pacity, a close estimate 


quired 1 surge could be ex 
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pected which would peak about 121 sec after shutdown 
of the hydro units. The that a 
screen chamber of normal proportions would be adequate 


study also indicated 


to protect the system agaimst any anticipated surge. As 


the 
characteristics of 


capacity of new screen 
chamber the 


the existing circulating water system 


will be realized, the 
actually 


surge 


reduces surge 


Condensate and Boiler Feed System 


rhe design of the condensate and boiler feed system is 


based on a conventional five-heater arrangement con 
sisting of two low-pressure and two high-pressure closed 
heaters with a deaerating heater and boiler feed pumps 
located between the high- and low-pressure units. Two 
full-capacity boiler feed pumps, with hydraulic couplings 
ire provided 
Makeup to the 


demineralizing system consisting of one 


condensate system is provided by a 


cation and one 
When using a 
raw water supply originating from the Otter Tail River 


However space h is 


inion unit followed by a mixed-bed unit 
1 degassifier will not be required 
been provided in the overall design for the installation 
of this should the 
quired to operate on well water in the future 


unit demineralizing system be re 


Instrumentation and Control Room 


In accordance with modern practice, the boiler, tur 


bine, fly ash handling and electrical control boards are 
centralized control room 
It is planned that this 


room will be extended as necessary for a subsequent unit 


located in an air-conditioned 


on the turbine operating floor 


Particular attention has been paid to the lighting and 
interior finish of this room in order to provide the most 
effective plant operators Pherm« 


pane windows are provided for sound and heat insulatior 


conditions for the 


Electrical System 


generator has a rating of 64 mva at a 
3.8 kv The 
mnected to the 


60-mva 


Che electri 
voltage 1s stepped 
Otter Tail 
main powel 


generating voltage of 
up to 115 kv 


system 


ind <« trans 


mussion through a trans 
3.40  4.68-mva auxiliary power transiormne! 


isolated phase bus duct 


former \ 


ind interconnecting 3000-amp 
ire provided 
25 hp and a 480 


24010- 


Eleven auxiliary motors larger than 
v, 1000-kva unit 


controlled 


ire supplied from a 
etal-clad 
between 100 
100 hp are fed 
located 


substation 


system by n drawout switchgear 


feeds n ind 125 hp 


through six 


The substation 1otors 


directly while motors below 
140-\ 
plant area 

A 3.75 


13.S-kv 


motor control centers throughout the 


t.6S8-mva transformer 1s cot ted to the 
existing 

In addition to the st 
140-\ 
the existing 

A 704-amp hr, 125-v, d-~ 
power for plant instrumentation 


lor startup service 


rtup circuit, emergency ties at 


and 120-v ac and 125-v de are provided between 
ind new units 
provides 


Battery 


storage battery 
ind control 
charging and float service is provided by a 10-kw diverter 


pole motor motor-generator set 


Building Design 


msists of a poured con 


Piling 


The 
crete 


building substructure c 


monolithic foundation mat was not re 
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quired Due to th ose proximity to the tailrace of Full use was made of color dynamics for the interior 
the hydro units, very definite consideration was given painting schedule of the plant. Careful choice of color 


during the design period to the safety of the riverbank and reflectance values for the paint, together with ade 


during constructior It was concluded, however, that quate lighting, provide a pleasing plant interior and 
there would be no danger of the bank collapsing and the should aid in improved operating and maintenance 
worst that could be expected would be some slight water efficiency 
seepage 

This proved to be the case and the seepage was con 
trolled without difficulty use of well pots 1) Information Circular 7692 Technology of Lignite Coals 
Part 2 U. S. Department of the Interior, Bureau of Mine 
. , Grand Forks, N. Dak., July 1954 
minum V-beam insulated siding, except in the boiler 2) Cowles, H. R., Chief Engineer, Otter Tail Power Compan 
irea where the rear bol casing serves as the outside Fergus Falls, Minn., ‘Design and Operational Aspects Regarding 
Utilization of North Dakota Lignite in Steam Generating Units 
: American Society of Mechanical Engineers, Fall Meeting, Milwau 
used for the walls of th nite conveyer galleries kee, Wis., September 1954 


REFERENCES 


The main building oO is constructed of alu 


wall of the plant ninsulated aluminum siding is also 


AEC Gives Quarterly Civilian Reactor Costs 


[The Atomic Enet ion announced in mid rhe industry amounts presented in this report are those 


ne therrsults of its fourth successive quarterly survey reported by the industry. Not included in the Commis 
costs for civilian nuclear reactor projects currently sion’s quarterly survey are costs for critical experiments 
active design or construction for installation in the small civilian training reactors shipped fully assembled 
d States rh rvey showed that costs of over by the manufacturer, reactors built for export, and gen 


$51 million were incurred during three months ended eral research and development not directed toward 
March 31, 1960 specific reactors 
Phe quarterly Irvey for civilian nuclear lotal costs incurred for the 12 month period wer 


power projects from whi ( imounts are compiled $202.3 million. These figures include costs for plant 


) 
} 


is based on a regular p t stem established in the and equipment, fuel fabrication, research and develop 


pring of 1959 with tl operation of reactor builders ment (1f allocable to specific projects), and land 


JUARTERS FOR | rABLE II rOTAL ESTIMATED COST AND COSTS I! 
DER CONSTRUCTIO? CURRED FOR | S. CIVILIAN REACTOR PROJECT 
UNDER CONSTRUCTION OR DESIGN AS OF MARCH 


10m) 


uarter Ended 
1/00 


30 
108.5 
43 $7 . 758 105 .§ 
440.43 193 405 247 
5B4 15 231.162 4h 
783 2 $39,751 44 


, 
4 
2 


* Breakdown of cost t tr totypes at met t nditt for electric power prototpyes and experiments 
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The Ljungstrom Air Preheater at the B. F 
directly over the 65,000 lb/hr Wickes boiler 


joodrich Company Shelton Plant is installed 
‘lue gas lea ing the boiler at 615° F passes 


through the circular rotor, which absorbs the heat and releases it into the incoming air 


Preheated combustion air improves combusti 


lir Preheater was factory-assen Ale 


m, makes fuel burn cleanly. This Package 
d, and requird only 100 manhours to install. 


At B. F. Goodrich Co.’s Shelton Plant 


Air Preheater boosts combustion 
air temperature 345°F... gives 
6% more thermal efficiency 


“Only a Ljungstrom® Air Pre- 
heater, with its continuous regen- 
erative principle, could meet our 
requirements”, says A. G. Sando- 
mirsky, Manager of Engineering 
at the B. F. Goodrich Company, 
Shelton, Conn., plant. “We pro- 
duce foam rubber 24 hours a day, 


five and six days a week. With an 
Air Preheater we can meet process 
steam requirements more econom- 
ically, and an Air Preheater 
helped us to justify the installa- 
tion of high efficiency, high pres- 
sure equipment for by-product 
power generation.” 


Here’s why the Shelton plant 
meets its requirements best with 
a Ljungstrom Air Preheater: 


1. Ljungstrom is the most efficient 
heat exchanger you can buy. The 
Ljungstrom rotor revolves contin- 
uously through the flue gas and 
incoming air, thus absorbing heat 
and releasing it from the same 
surface. Since the heat doesn’t 
have to pass through anything, 
each inch of rotor surface is as 
efficient as one foot of a tubular 
recuperator. 


2. Ljungstrom is the most reliable 
heat exchanger you can buy. All 
heat exchange elements pass 
through the entire air and gas 
streams. The temperature of the 
elements in the coolest region — 
where fresh air enters — is actu- 
ally an average of the gas and air 
temperatures, so it’s consistently 
higher than the coolest point in a 
recuperative heat exchanger. Re- 
sult: no cold spots, less chance of 
moisture formation. 


3. Ljungstrom is easiest to main- 
tain. You can inspect it — and 
clean it—while it’s running. Heat 
exchange elements are divided 
into modular baskets that can be 
replaced individually without dis- 
turbing the other elements. You 
can even reverse the elements if 
the surface has thinned on one 
edge, effectively doubling the life 
of the heat exchange surface. 


For more information on the 
Ljungstrom continuous regener- 
ative principle, or on the Air 
Preheater that meets your re- 
quirements, phone MUrray Hill 
2-8250 or write to The Air Pre- 
heater Corporation. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N.Y. 





TYPICAL START UP COSTS 
vS DOWN Time 


Economics of Generator 


once 
Phe 
lor 
tor 


NTI recently steam turbo-generators 
put the 


newer ones particular] 


very 


on line, ran quite continuously 


were shut down only 
The 


| 


maintenance or troubles procedures used 
proper, and the cost in 
little Phe 


period of a 


starting had only t safe 
mattered but 


able steam generation over 


addition of consider 


lev 


volved 
vears has 
changed the picture 

Our lown turbo-generators 


system has been shutti 


more frequently as time lis now shutting down 
the 


particularly true during perio 


goes on 


several of newer reheat units nightly This is 
heavy hydro genera 
tor 


pure 


shut down on these occasions 


off for 
and to reduce total steam output 


tion Generation 1s 


two reasons 1) Because it should come 


reasons of economy 


in order to make use of off-p« hydro generation and to 


better use low cost energy from other sources 


In our pool operation we often start units for others, or 


pay others for starts, and therefore need to know costs on 


ible i 


basis In ace ibout 
should 


1 compar lition, knowing more 


illow us to in ind 
savings in a field of ine ising 


irs Niagar i 


for all of its uni vy pe 


the Ss costs 


make 
For 


prove practices 


importance 


several ye hawk used a standard 


startup cost reheat machines 


Upon reappraising the prac there appeared to be a 


need for improvements in dure and changes in cost 


evaluation to more truly rep nt actual out-of-pocket 


expe nses 


Our plants were asked to startup cost figures on 


Establish Prime Factors. . . 


BANKING 


Me THODS OF 


We have four plants with unit type turbo-generators of 


X) Mw size and about the same temperature and pres 


* Presented at the AIF! 


>-24 60. as paper } 


une 
AIEE 
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By R. T. DREW 


Niagara Mohawk Power Corp. 


Fig. 1—A review of stertup practices should expose operating reductions. 
A typical startup cost time curve such as above gives general information 
on the increase in startup costs the longer a boiler has been lei cool off 


Shutdown and Startup 


their units and it was found that practices, and thus costs 
Plants for 


various reasons operated differently and you may find 


were not as uniform as had been assumed 
that in your own systems practices differ more than you 
think 


plants are built, the methods of operation develop aud, we 


No criticism of our plants is intended but, as 


hope, advance although sometimes in different directions 
and sometimes practices evolved in older plants are con 
tinued in the new 

Our lack of identical practices may be due to a combi 
nation of wide geographic separation, differing plant age 
ind a history of operating administratively as three 
divisions. These conditions too may be true of some of 
your organizations 

ro set up startup costs for each plant would have been 
cumbersome for us to administer. In addition it 
that 


nomical than others and should be adopted when possible 


very 
was felt some practices were better or more eco 

his matter has been discussed with the Steam Plant 
group and they are in the process of reviewing some of 
their procedures. Many 
casually because plant conditions and types of equip 
ment differ. It is preferable to have the plant people try 
the 


there has been reasonable success 


of these cannot be changed 


out and work toward new procedures, and so far 


The factors affecting startup cost can be put in these 
three categories: (1) Methods of Banking, (2) Methods of 


Firing, (3) Turbine Startup Procedures 


sure, in addition to the newest 200 Mw units 

One plant, when a unit is taken off the line, ‘bottles’ 
Another main 
tains pressure at 4°) lb by intermittent firing. Another 
600 Ib. A fourth plant, with 
1250 Ib pressure, maintained 800-1200 Ib while banked 


the boiler up until it is needed again 


maintains pressure at 
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if the boiler is to on so-called 2-hr standby 


rhese practices affect startup costs, depending on how 
long the unit has been off, and operating costs when boil 
banked 


It is best, if possible, to get to the point where no firing 


remain 


ers are 
is done while banked except as required when on standby 
\ plant which often has a unit on 2-hr standby found by 
well off to 
SOK) Tb 


temperature tests that they were just as 


lower the banked pressure range to 400) 


2) MeTuops OF FIRING 


In our area, where oil is much more expensive than 
coal, the amount of oil used during startup firing should 
be kept to a reasonable these 
and so 1s often used more than neces 


itten 


minimum Oil firing at 


times is more stable; 


sary for reasons of safety because it calls for less 


tion Chis practice may vary among individual crews at 


i station Phe more oil sier and more costly the 


startup 


Define Startup Conditions. . . 


After obtaining preliminary figures on startup costs we 
that 
startup charges should be set for three conditions 


decided for purposes of easier administration 


| Warm Start 
night shutdown 
Semi-Warm Start 
such as a Sunday 
Off a full week end 


Approximately 10 hr off—an over 


Approximately 30 hr off —off 
one day 


Cold Start or longer 


We 
up 


ire presently obtaining up-to-date costs for start 


Fuel 


rhe items figured in the starting cost are 


used for firing kwh for auxiliaries, (3) water cost 


Most of the figures were obtained by checking meter 


ind counter readings on startups as they occurred 


Chis should give the best average of normal startups by a 
representative group ol crews 
Mw 


is liste d be low 


For our 100 reheat turbo-generators, typical 


starting costs are Chey include a 15 per 


Determine Equipment Effects . . . 


Chere are some other factors involved in Startup pro 


cedures which should be given more attention——from both 


the cost angle and the equipment stress angle 


1) Drum Level 


This can be down as the boiler maintained at 


ormal level 


+) 


cools 
or the drum may be flooded during some 
le Operation These methods are recommended 
by \ boiler 


1 bearing on cost due to water and make 


inious groups as preferred ways to relieve 


wi } 
Lhe V 


WINDING TEMPERATURE CONTRO! 


Frequent starts may have an effect upon the expected 


life of winding insulation. There should be a best pro- 
cedure to follow in controlling temperature at startup, 
and while at light load his will depend upon ex 
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[URBINE STARTUP 


wuld be started u we. 
| 


surely be ready 


Years ago a unit w ihead of 
so that it 


with no fuss 


time load on time 
This 
ymuld 


when we 


would for 


the part of the 


t 
the 


These 


ind bother on crew 


may have been necessary when loss of a unit « 


have meant dropping of load days 


have larger interconnections, more accurately deter 


mined reserves, and are taking units off frequently for 


reasons of economy, fuel wasted by a long startup should 


be avoided Some crews start a unit earlier to avoid 


ilso to have 


ind so give the operators 


rushing and to be prepared for contingencies 


unit on line ahead of shift time 


plenty of time to wa 


It seems that the better crews working as a team prefer 


msidered pr ind get 


vcd rhis 


tribution, lessens 


to start im as short a time as 1s « 


per 


ichine just as soon it is re ilso 


load on the m 
seems to give the best tet 


stresses, and reduces startup co 


illowance for incremental n 


Water 


Power ¢ 
Tota 


When a unit is started and put on the line, or taken off 
the 


mately one 


period ot 


when little or 


line to be shut down, there is a proxi 


ty 
hour in each instance no energy 


For 


be included in startup considerations is 2 hr of 


is produced this reason another cost which should 
no load for 
mil) 


each shutdown cycle Chis amounts to about 


tin) Mw 


soiler operating costs for such units 


lora 
unit 


when they are 


kept banked for standby purposes, amount to about $1' 


per hour Chis figure may be less if lower banked pres 


sures are maintained 


perience, generator design, and manufacturer's 


mendations 


3 RATE OF PickuP AFTER STARTUP OR FROM L 


GHI 


LOAD 


lurbines operating require a sur 


it light loads may 
prisingly long time to This will vary 


ig to full load 
with the length of time run at light load 
ilculations 


get 
ind may have at 


effect upon reserve c 


Conclusion 


Review of startup 
and 


practices can result in better opera 


tion reduced cost To be practical for daily use 


rounded off so that ons will 


Further the costs so 


these costs should be value 
apply to several similar units, Fig. | 
should bé 


operation 


used those actually incurred during normal 
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Fig. 1—Cover photo plus the above aerial view demonstrates the effectiveness of the Venturi stock addition in relation to other stacks, some 100 ft 
higher, and also highlights the problem the plant operators foced 


The Invisible Stack 


chimney 

| ft without substantially 
No easy task-—but 

ring. That's just what 


pe rform as 
efficiently 
increasing chimne, 
one which calls for sound engi 
\erotec Indu s, Ine acce mplished re 
cently when they designed and installed a new 10-ton 
nozzle of nickel stainless i stack at Pennsylvania 
Electric C Seward Generating Station in 
Johnstown, Pa 
Cantilevered from compression supports atop the con 
16 ft high and set just 
ikes the 214-ft stack 


engineers ol 


ompany’s 


chimney, the nozzle—only 


chimney (Fig. 2) n 


crete 
2 ft above the 
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Instead of making a chimney higher, a 10-ton Venturi 
nozzle of stainless steel, designed and built by Aerotec 
Industries, was installed on top of the stack at Pennsy!l- 
vania Electric Company's Seward Generating Station. 
The stainless steel resists corrosion by the hot gases 
and the nozzle makes the stack perform as if it were 
100 ft higher, stepping up exit velocity of the gas 
and shooting it up high in the air for fast, effective 


dissipation. 


perform as effectively as one a hundred feet taller, Fig. | 

The stack nozzle Venturi design, discharges 485,000 
cfm of gas—shooting it 100 ft or more above the chimney 
top for rapid dissipation. (See photo) The 
nozzle has stepped up the exit velocity of the gas from 
30 to 110 fps. Because of a unique flexible seal between 
stack liner and nozzle, this increase in emission velocity 
with a draft loss of less than 2 in 


cover 


has been achieved 
water gage. 

When Penelec decided 
lengthening the 19 ft O.D. chimney, the obvious solution 


was to extend the existing structure 100 it. But inves 


to improve operations by 
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tigation by Gilbert Associates, Inc. of Reading, Pa., 
determined that although the reinforced concrete founda 
tion could supporta 100-it addition, the taller stack would 
be more vulnerable in high winds 

\erotec came into the picture. Called 


engineers of the Special 


rhis is where 
upon to supply the answer 
Products Division of Aerotec Industries (formerly Prat 
Daniel Corporation) came up with a successful nozzle de 
sign that would increase the emission velocity from 30 to 
the desired 110 fps 

lo be sure, Aerotec encountered some 
Che chimney is lined all the 
innular gap, which must 
f cooling air,sepa 


tough engimeer- 
ing problems along the way 

way to the top, and an 8-in 
remain unobstructed for circulation 
rates the concrete exterior from the brick lining, Fig. 4 
Wind can cause the chimney itself to sway as much as 
3 to 5 in. while the imner brick lining 
Thermal expansion, however, does cause the brick liner 
2 in. And the 
three-week 


not moving 
to move vertically up to a maximum of 
entire job had to be completed during a 
normal shutdown period 

Despite these difficulties, Aerotec did the job in the 
The Venturi-shaped nozzle tapers from 
inner diameter 


required time 
6 ft at the bottom, coinciding with the 
of the brick stack liner, to a diameter of only 9 ft 8 in 
at the top. Moving through the Venturi nozzle imparts 
greater dynam to the gas, speeding it up as it 


energy g 

exits 
Constructed of 

successfully 


An extra-low carbon material 


stamless steel the nozzle 
corrosion by the hot stack 
max. 0.05 per cent with 


Pype 316-I 
resists gases 

2 per cent nickel and 2'/, 
316-L 


about 17 per cent chromium 


per cent molybdenum, Type stainless combines the 


uM CSS STHEL STACK SOTAE — — 


om an weet — 


Me © (me, — —— 





eoNtTm SUPPORTS — 





“cc werorTs 








ar en! Caanty 


Fig. 2—Wash drawing above carries labels describing the pertinent points 
of the nickel nozzle serving as a Venturi outlet for a concrete chimney 
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advantages of good corrosion resistance and high 
strength 

Aerotec engineers selected Type 316-L stainless hecause 
high strength and corrosion resistance were of paramount 
This type stainless successfully withstands 


which exit 


importance 
the corrosive action of the hot stack gases 
at about 240 F 

Moreover, the choice of Type 316-L for the nozzle re 
sulted in a tremendous weight saving, significant since 
the nozzle must be supported by the chimney. Initially 
use of a lowalloy, high-strength steel had been considered 
But by using this steel it would have been necessary to 
double the plate thickness to */, in. to withstand the cor 
rosive stack gases, and this would have made the nozzle 
lar too heavy 

Erection costs were lower with 316-L stainless be 

cause of its higher strength/weight ratio. If the low 
alloy steel had been used, it would have had to be put up 
in smaller sections 

otal cost for the nozzle 
Fabrication and installation of the nozzle took close to 
22,000 Ib of Type 316-L stainless, including the weld wire 
Use of the extra-low carbon stainless prevented carbide 


installed was $53,000 


precipitation in the welds 

Aerotec 
stainless for the nozzle 
tive costs and requirements indicated Type 316-L to be 


considered other 
However, a study of the rela 


engineers using types ol 


the most economical solution 

Getting an effective seal between the stack liner and 
the stainless nozzle to prevent reduction in gas velocity 
For one thing 
corrosive attack of the 
it had to be flexible be 


was one of the most difficult problems 
withstand the 
nother 


the seal had to 


hot stack gases For 





man 
== 








SS SSS 


Fig. 3—Details of the special flexible seal between chimney and addition 


which permitted shorp rise in emission velocity with low draft loss 
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cause of thermal expansion of the brick liner and wind 
sway of the concrete exterior Finally, to minimize 
draft loss it had to be virtually gastight despite the 3- to 


9-in. play 
\erotec met this problem by using a flexible diaphragm 
Pont’s Teflon 
\ synthetic rubber. This tough, pliable 


material resists tear and rupture 


woven from du fiber impregnated with 


the new Viton 
is unaffected by freezing 
id prolonged contact with 


than actually en 


and can withstat 
F far 


, 
stack I ie 


temperature 


corrosive gases at 400 higher 


countered in the 
Teflon sheet 


The woven npregnated with Viton A is 


0.020-1in. thick, and comes in a 3l-in. width It costs 
$60 per lineal yd 
he flexible seal on the nozzle was fabricated with 


grommets or eyelets for fastening The 


grommets are 
on 6-1n. centers 
.-in. thick replaced 


The new 


\ new cap of 316-L stainless plat 
the old cast iron cap on top of the brick liner 


cap has a special clamping and bolting bar around it to 


hold the flexible seal Phere sunilar bolting bar or 
band on the light gauge stainless skirt above 
Che flexible sheet was squeezed through the bars on 


and bolted through the 
sheet eliminated the pos 
Slack was 
ion between liner and 


the cap and skirt, doubled over 


grommets Elasticity of the 


sibility of damage from lateral tear stresses 


provided to reduce stress trans! 


nozzle 

Che stack nozzle, its weight sprung by cantilevering, is 
thus supported by the concrete exterior of the chimney, 
with a flexible seal all around between brick liner and 
nozzle, Fig. 2 








Fig. 4—Each nozzle section wes made in a jig, no single piece weighing 
over 500 Ib, so reassembly went smoothly 
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itself is 
How 


the nozzle 
equivalent to only 1.9 in. water gage of draft loss 
ever, during the modernization of the unit a mechanical 
dust collector of the multi-tube cyclone type was installed 
ahead of the electrostatic precipitator to knock out almost 
SO per cent of the dust, mostly fly ash, before the gas 
rhe pressure drop through this 
water gage 


The pressure drop caused by 


enters the precipitator 
mechanical collector is 2 to 2.5 in 

Accordingly, the total draft loss for the entire unit as a 
result of these changes is between 4 and 5 in. water gage 
For compensation, a new rotor and more powerful motor 
were installed on the induced draft fan to speed it up 

The fan now has a 1250-hp motor. Because of the 
increased centrifugal force, a heavier-duty wheel was 
installed on the fan by American Blower. Its 76'/,-in 
diam equals that of the previous wheel, but it has a 
heavier center plate and heavier rims. Blades are of 
steel, and the wheel's hub is of cast nickel-iron alloy 
rhe fan is the double inlet type but is only two-thirds of 
double width. Speed has been stepped up from 580 to 
705 rpm 

The nozzle was fabricated of Type 316-L stainless in 
All vertical 
stiffeners were positioned on the inside to avoid turbu 
lence, and all vertical brackets were covered by plates 


eight sections with intermediate stiffeners 


to prevent swirling 

Each was made in a jig 
were all prefitted. The nozzle 
match-marked at Aerotec’s plant so that it could be 
was then dismantled 


the 
assembled 


nozzle section pieces 


was and 
readily reassembled (Fig. 4). It 
for shipment to the job site 

It took six men, working 10 hr a day, only 12 days to 
The men did not work 
week-ends lost because of bad 
weather conditions during the three-week shutdown 
Wint & Tosh, boiler erectors of Burnham, Pa., handled 


install the new stainless nozzle 


and three days were 


the installation, with field supervision by Aerotec 
engineers 
The nozzle ts cantilevered from vertical members 


fastened to four compression bands around the outside 
of the stack. These four bands, all of Type 316-L stain 
less, were cinched up tight around the chimney, bolted 
with a single bolt for each joint, and then welded. The 
nozzle rests on 16 horizontal plates supported by vertical 
brackets [he brackets are held by angles 
bolted to lugs on the compression bands and then welded 


pairs of 


Hardest part of the construction was adjusting all the 
brackets so that the horizontal plates would be level 
This was done by shifting the circular compression bands 
up and down until the tops of the brackets were level 

While the nozzle is of welded 
Type 316-L bolts were used during erection 


construction, many 
A few of 
the lighter top sections of the nozzle were bolted to 
gether on the ground and seal welded before being lifted 
Other heavier sections were bolted 
then The 
single piece lifted weighed 500 Ib 


to the chimney top 
together atop the stack welded heaviest 

Since the nozzle itself is only */,-in. thick, the flanges 
holding its sections together function as stiffeners as 
well as bolting connections 

The selection of Type 316-L stainless for its corrosion 
resistance and high strength was essential for the suc 
cessful design and operation of this stack nozzle. De 
spite the close timing on this job, no major difficulties 
were encountered in shop fabrication and field erection. 


59 








Abstracts From the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion, 
Ltd., London, W. C. 1) 


Fuels: Sources, Properties and 
Preparation 


Change of Rank, Rank Criteria and 
Classification of Coals on the Basis of 
Vitrain Analyses. Pt. I and II. K 
Patteisky and M. Teichmiiler Brennst 
Chemie 1960, 41 (Mar 70-4 (Apr 
07-104 (in German 

It is known that the change of rank 
of vitrain is not a straight but a broker 
line, the most important break occur 
ring at 87 per cent C and 20 per cent 
VM With these chang 
usef ulne of rank criteria irik ind 
the best criteria for various ranges or 
rank are discussed I 
grams are evaluated for a coal classif 
cation on vitrain basis Phe bound 
aries of the large rank stage esp 


cially between the variou re of 


> 


brown coal and between 
bituminous coal for which previou 
no quantitative data were available 


have been demarcated 


The Removal of Uhlorides from Coal 
by Leaching: II. Weathering in 
Stockpiles. | W. F. Gillham j 
Inst. Fuel 1960, 33 (Apr 93-8 

In follow-up studies washed and ut 
washed coal of high chlorine contet 


was exposed to normal weatherin 


conditions in stockpile After three 


ears the chlorine content of the 
washed coal had fallen from 1 to 0 
per cent Unwashed coal takes a con 


siderably longer time to achieve simi 
lar result 


Physical and Economic Problems in 
the Transport of Solid Particles in 
Liquids and Gases. \W Barth 
Chem. Ine Tech 1960. 32 Mar 


164 il 
After outlining the problems en 


in German 


countered in pneumatic and hydraulic 
transport of solid materials an attemp 
is made at defining the conditions i: 
which thi type. of transport is 


economical 


The Handling of Solid Fuels and the 
Removal of Ash in Private Power Sta- 
tions. FE. Dordain. Tech. Mod. 1960 
53 (Feb 16-58 (in French 

The various types of equipment 
used in France for moving solid fuels 
such as conveyors, elevators, cranes 
and hydraulic and mechanical ash re 


moval installations are described 


Coal Handling Plants in Steam Power 
Stations. W. Fraass Flektwirtsch 
1960, 59 (Mar. 20), 148-52 (in Ger 
man 
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The boiler it the Schwandori 


power station are fired b 


brown coal 
which arrives in special wagons and i 
discharged into two bunkers of a tot 

capacity of 10,000 tons. From these 
the coal is transported by a series of 
belt conveyors.to the storage area or 


the boiler house bunkers Phe 


irious installations and their contr 

ire briefly described 

Dust Control at Milliken Station. \ 

R W ise COMBUSTION 1O60 31 
of dust with a solutior 
containing a wetting agent is carried 


out at the car dumper, discharge from 


the pan feeder to the tocking out 
eyor, discharge trom ibrating 

feeder t the reclaiming belt ind 

from the crushers to the boiler house 
( T 


Steam Generation and Power 
Production 


Determination of Stresses in Pressure 
Vessels. H. Jung. Chem. Ing. Ti 


060, 32 (Mar a, 2 (in German 

\ semplified theor f a shell resist 
int to bending forces ha been de 
eloped and solutions are presented for 
the linder, sphere and cone Phe 
equation ire tabulated 4 calcu 


lated example shows good agreement 
between theoretical and experimental 
result 
Flow of Fluids. M. Murra Ir 

Eneng. Chem. 1960, 52 (Mar 257-61 
Che annual review of literature pub 


lished in 1959 


The Effect of Temperature Drop Be- 
tween Components of a Boiler Drum 
and the Stresses Set UpinIt. Yu A 


M agnmitsku Te ploe nergetika Ont) 
7 (Mar tS-51 (in Russian 
Methods are suggested for consider 


ibly reducing the drum stresses b 


means of a change of water level dur 
ing start-up and shutdown 


C.E.G.B. abstract 


Features of the Operation of the 
67-4-SP Once-Through Boiler on 
High-Ash-Content Fuel. \ I 
Bychkovsku Energomashinostroente 


1o60 Feb 


21-5 (in Russian 
\ brief description is given of the 
ft the 


when 


basic features of operation 
67-4-SP once-through boiler 
high-ash-content fuel is used, with 
particular reference to stability of fur 


nace operation, optimum firing « 
tions, thermal conditions of the heat 
ing surfaces and boiler econom« 


E.G.B. abstra 


Shot Cleaning of Convection Heat- 
exchange Surfaces. D). Humphre 
! Inst. Fuel 1960, 33 (Apr 13-9 
ind installation of shot 


cleaning equipment 1s described and 


rhe design 


the advantages of this technique, ¢ 
pecially the cleaning during full load 


t out 
tou 


Liquid and Gaseous Fuel Firing 


The Use of Heterocyclic Tertiary 
Amines for the Control of Corrosion 
caused by Flue Gases. FE. Brett 
Davies and B. |. Alexander Inst 
Fuel 1960, 33 (Apr 63-4 


[he theoretical basis for the us« 


tertiar imines as corrosion inhibitor 
nl-fired boilers is explained and « 
perimental and field experiences ce 


cribed. It was found that the inje 
tion into the flue gases of 0.03 per cer 
} ht of the rated 


of these amurne ) wets 


uel capacit ifforded protection of 


Furnaces and Combustion 


General Combustion Nomogram for 
the Assessment of Flue Gases and 
their Calculations by Means of Fuel 
Coefficients. H. Viereckl Energie 
960, 12 (Mar 89-95 (in German 

A simple n 


ymogram has been con 


structed for flue gas compositions and 
excess air determinations The nomo 
gram enables to rapidly assess the 
quality of the combustion from the 
fuel or flue gas analysi he calcula 


tion of the irious coefficients from 


the fuel or flue gas analysis 1s given 11 
first table ind average values ar 
given in a second table and graph \ 


further table gives the equations 
the calculation of the gas and 
umes and t 


shows tl 


The Release of Sodium Aerosols Dur- 
ing the Combustion of Pulverized 
Coal: a Laboratory Investigation. 
D. Ounsted and J. Schoen i In 
Fuel 1960, 33 (Apr 199-206 

Ihe furnace for firing 100 gr of pul 
verized coal per hour and its equity 
ment are described The effect of 
ash content of the fuel and its partick 
size on the formation of sodium aero 
sols has been studied; this increases 
with increasing particle size and de 
content 


creasing ash Suggestions 
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Water-Side Corrosion and Water 


Treatment 

‘*Ultra-Pure’’ Boiler Feedwater. 

I N. Hill Heat Kner " 35 
lan Feb (4-4 


Pests carried out 


Johnsonville power stati 


umits have showr 


igned evaporator ire a 
nsistently feedwater 
alee tT on 
Feedwater Treatment for Low-Pres- 
sure Boilers. W. F. Gerrard 2m 
G60, 29 (Apr 
One method for interna I 
< il treatment are iT 
t cl inhyd 
i i hvdr u di 
ul exametap! ha T 
dium alginate and a or 
talline na i I he 
at ies required a ! 
ipplication are ite 
i ist . af 5 6 
i Y treatime t the 
ic acid tk irtiall i¢ 
" icarbona ca we 
the irtiall iT ite 
wha Ivthens r 
irt the CO t the 
it ignha ink A 
if magr im ! t ‘ 
lu CQO, and ‘ i 
nate into i ite 
i ive { the 
ening are thined 


Corrosion in Power Station Feed 
Systems. A Trial of Cyclohexyl- 
amine and Morpholine and their Eval- 
uation as Corrosion Inhibitors. Bb 


Puck and E. M. Osborn en nd 
{ 960 (Mar. 26), 326 
Both cyclohexyvlamine 
pholine at an amine 
> ppm reduced the 
the boiler feedwater ptr 
tm, but the copper ‘ ] 
10 pptm to 10 pptn Mo 
htly more 


, 
line was sligh 


ontrolling metal pickuy 


Damage to Boiler Tubes due to Cop- 
Water. 


is 


per Deposits from Boiler 
\. Splittgerber and F. Bérsi, 


OHO) 33 Fe 


bonler revealed Tf 
magnet iron ox 
quantities of coppe 
osited from the | 
high local thermal stres 
boiler and led, by a « 


wnierT 


to increased oxidatior 
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ees Combustion Controls 





a e- i= 4 





specifically designed 
for industrial 








(IU, ha New developments 
NSTRUMENT and substantially 
expanded facilities 


prompt us to tell friends and customers what's new at 
Reliance Instrument. 
In succeeding months, this column will announce 
many new products—and many product improvements 
in wide variety and of special interest to combustion 


engineers. 
Meantime, we urge you to send us any inquiries 


you may have in the area of combustion controls. 
Attention to detail at sales and service levels has 
characterized Reliance Instrument’s history and will 


continue to be a major factor in our job. 


@ Proved Dependability 
@ Safety-Engineered 


@ Maximum Efficiency 








Let us meet you at the Annual ISA Show 
Booth 1705, New York Coliseum, September 26-30 


RELIANCE INSTRUMENT 


(formerty RIMCOR) 
Division of ELECTRO-MECH Corp 


55 Oak Street, Norwood, N. J. * Closter 5-5770 
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through decomposition of the steam 
tiga 
ill 


respects with the results obtained in 


rhe observations made on inve 


tion of this damage agree in near! 
other countries and, recently, in Ger 
many in similar cases 

From C.E.G.B 
(Apr. 23), 1040 


Digest 1960, 12 


Investigations of Impurities in the 
Cooling Water of the First Nuclear 
Power Station. P. N. Sljurasev, \ 
4 Ivanov and L Nesterova 
Kernenergie 1960, 3 »48—51 


N 
Mar 
(in German) 

rhe investigation concerned the cor 
ol in the first 
nuclear power station neat 
the rate which the 
products were carried out by the cool 


Russian 
Moscow 


corrosion 


rosion steel 


and at 


ying awa 
the 

light 

Irra 


ing water The rate of cart 
these products is a function of 
flushing of the primary circuit by 
the output 


diation in a light water cooled reactor 


water and reactor 
Oxi 


It 


on 


causes formation of nitric acid b 
ol 


be 


the dissolved nitrogen 
shown that the 
Na, Ca, Mn 


Fe and Cu 


dation 
could 
tains 1ons ol 
and Si 


colloids 


water! 
Ni, Cc 
present a 


but are 


Flue Gas, Ash and Dust 


Testing the Rotary Regenerative Air 

Preheater. PartIandII. |. Waitkus 

COMBUSTION 31 (Mar v-7 
\pr ) H0—45 


his first part deals only 


luo 


with meth 
for the 


a ond 


ods, equipment and procedures 
flue gas analysis The 
deals difficulties 

flue g and 
draught 
lor ¢ 


part 


with in measuring 


temperature 
the 


as, air metal 


pressure and and most 


suitable instruments ich applica 


tion 


Heat Recovery Plant 


Thermal Calculation of Steam-Heated 
Feed Water Preheaters. H. Kerwat 
inergie 1960, 12 (Mar GS 
(,erman 

The difficultie 


at 


the 
sub 


determinit 
the 


ondensate 


ol 
he 


cooling 


transier coefhoents in 


condensation and « 


cooling zone ire discussed and values 


»btained in extensive tests tabulated 


application 


\n example illustrates the 


coefficients in the calculatior 


rea of each of the three zones 


Hydraulic Analogue for Studying 
Steady-State Heat Exchangers. | 
Prochazka, |]. Lan Stand 
art Bru Che 
Apr.), 242-7 
Hydraulic analogues for « 
flow 


dau and G 


1Y60 


5 


1 ‘mer 
Ars 


heat exchangs 
the 


tables and graphs 


mixed 


sented and results 


present 
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Power Generation and Power Plant 


Power Station Heat Cycles. P 
Cameron. Fiect. Rev. 1960, 166 (Apr 
s bio SU 

he heat cycles of conventional and 
nuclear power stations are compared 
rhe possibility of using reheating in 
nuclear stations are explored and a 
particular scheme involving a back 
pressure turbine driving a circulator is 
the 


outlined gain in efficiency is dis 


‘ ussed 


Conduction and Radiation Losses and 
Ventilation in a Power Station. M 
Sack Elektwirtsch. 1960, 59 (Mar 
) 142—8 


Investigations into the conduction 


in German) 


ind radiation losses in a power station 
and efforts to improve comfort condi 
tions for the personnel are reported 
It that 
covery of the losses can be combined 


is shown a considerable re 


with improved working conditions 


Efficiency Plus. E.R. Knight. Ele 
13 (Mar./ Apr.) 

Spondon H is the first CEGB sta 
tion specifically built to supply proc 
to 


fricaty LY6O 76-7 


an industrial consumer 
Ltd When finished 
four 180 klb/h stoker 
it tan) 


turbo 


ess steam 
Brit 


will 


Celanese 
it contain 
fired boilers supplying steam 
to three 
generators exhausting 
510 F The 


station exceeds 60 per cent 


10 mw 
at 
thermal efficiency 


pst and 875 F 
160 psi and 


of this 


Big Power Comes to Staten Island. 
M. L. Branin. Coal Utiliz 14 
Feb 14-8 
rhe first unit of the Arthur Kill No 
Station consists ol! ted 
kIb/h 2100 1050 


and a 


LY6HO 


a bouler ri at 


400) and 


at psi 
335 nw cross-compound 


The 


containing the 


OOO | 


turbogenerator boiler has twin 


furnaces reheater 


the 
Each furnace has 16 burners for coal 


one 


ind other the final superheater 
s firing supplied from 8 mill 


of 38,400 Ib/h 


oil and 


each with a capacity at 


Hardgrove 


Furnace 


“aw 
by a 
vacuum 


and a fineness of 77 


mesh ash is removed 
stem, fly ash by a 
T he 


precipitators 


hydraulic 


ystem combined multicyclone 


and have a 
efficie nc 
operates under positive pressure and 


fan, but cold flue gas 


separation 
of 99 per cent rhe furnace 


there is no i.d 


the 
furnace 
by 


recirculated from econo 
outlet the 


air is pre he ated 


can tx 


mizer to bottom 


The 


entering the rotary preheater 


steam before 


Progress of the Tennessee Valley 
Authority. Anon. En, 1960, 209 
Apr 626 Apr 15) H6H6—S 
Apr 29 ,00-—4 

Phe 


incre 


tneer 


w 


rvA 


1959 and 


power system of the was 


ased by 775 mw during 
66 per cent is now generated in steam 
hydroelectri 
station 


and 34 per cent in sta 
At the 


three 150 mw 


tions Johnsonvill 
units were completed 
and a fourth nearing completion giving 
a total At 


Gallatin was 


of 1275 mw 


capacity 


station a 275 mw unit 
mw 
bringing the total 


At Widow 


to 


commissioned and a second 275 
ready 


LOS50 


almost 
capacity to 
Creek the first 
commissioned 


unit 
mw 


500 mw unit ts be 


im October 1960, con 


sisting of a cross-compound double 


flow turbine with two 275 mw genera 
tors and a controlled circulation boule 
rated at kib/h 
3/1003 F with feedwater 


it 


at V4o0 | 
it 


is SY 


si and 
530 I 
Btu 


is to be 


S850 
O5 
Phe 


kwh 


calculated he rate 
\ further 


Colbert t 


1) mw unit 
ition I 


outlined 


installed at uture 


deve lopme nts are 


The Second (French) Nuclear Power 
Station. Bien cevsky 

F. Bourdillat Millot 
Lamiral and 

5 (Apr 
EDF? te 

in output ol «4 


O60 


be 1m] ¢ 


T T wT 
peration 


have mw (th 


r u itural uramiut 
Me cans 
it 


perature 


ing 1! 
, 
grafite as moderator and 


{68 psi as coolant with an inlet tem 
of 195 C and 
ot 365 \ There ire 


exchangers producing h-p 


an outlet tem 
t heat 
340 
pst 


turbo 


perature 


C and 473 psi and I-p steam at 12 
540 115/125 


installed 


esented 


and Iwo 


generators will be Detail 


of the de 


Kahl Nuclear 
Kornbichler 
Apr. 8), 624-5 
This first 
rated at 60 mw 


ign 


are p 


H 
209 


Station. 


1960 


Power 


Enei 


meer 


German power 
th 
is of the boiling water type 
at the rate of 


and secondary 


At 
and 15 mw (« 

Primar 
steam flow is 


it 


11.3 at steam 





Vote 


we point out each month, the 
m International Combustion 
Bulletin’ s K. R 
Abstracts and Current Tiles 
Portland Place, 


100 We have seen tl and endorse 


tr the 


editor 
y J 
London 


shire \/ 


sities, consulting engineers 





Le nel adt 
publishe 


materatai for 


r 


i 


rf 


Institute direct for subscription rates 


1 


Wi 


/ 


manufac 


a . 
w tndividuals and itorartes 


id 
i 


Sé 


tnis department ts 


Monthly Technical Bulletin 
s us of 


on ol at ams 
new pubitcaltor 


a 
1 by the Institute of Fuel, 18 Devon 
j ¢ 


I, which does very 


com prehensive 


‘ring organizali nS H rile 
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1l0OS5t/hat 47.Sat Details are g1 
the reactor building, turbine hall, of 
fice block and water purification plant 


Instruments and Controls 


The Determination of the Optimum 
Design Data of the Steam Power 
Process by Electronic Computers. 
K K nizia Elektwirtscl GF 59 
Mar. 20 137-41 (in Germar 

rhe determination of the 
process ¢ ficiency as a functi 
perature and pressure of t 
heated and reheated stean 
of the feedwater entering 
number of preheating stages 
efficiency of the turbine, incre 
enthalpy of feedwater in th 
ind saturation temperature i1 
denser can only be effected | 
puter rhe preparation 
for its use are described 


Automatic Power Control Improves 
Precipitator Efficiency. L. L. Litth 
and C. R. Zink. Pwr. Eng | 
64 ( Mar 64 

rhe improvements in « 
precipitator efficiency du 
troduction of automat 
power input are outlined 


The Behaviour of the Venturi Pneu- 
matic Pyrometer in Industrial Fur- 
naces. R. E. Holland, R. Jackson 
and G. G. Thurlow ! Inst 
33 (Apr 180 
The application of thi 
in open-hearth furnaces 
glass tanks, oil and 
fired boilers is describe: 
tages of this type 
that it is accurate at 
has a rapid respons 
blocked by dirty 


cl aned 


Metallic Thermocouples for the Meas- 
urement of Temperatures above 1600 
Cc. Anon Vetallurgia V 61 
Mar.), 141-2 

Thermocouples with iridium-6 
cent iridium-40 per cent thorius 
suitable in oxidizing atmospher 
to 2000 ¢ Irridium-tungster 
can be used in neutral 
helium) atmospheres up t 
lungsten-tungsten-rheniun 
neutral or reducing atmosp! 
measure te mperature suptoz 


Cast Iron from Steel Scrap. Anon 
Meiallurgia 1959, 60 ( De« 261-2 
Instead of pig iron Ferranti Ltd 
will use steel scrap with added recar 
burising compounds, silicon and man 
ganese in a 3 t capacity electric fur 
nace for the production of non-mag 
netic and spherical graphite cast iron 
and a combination of both. Econ 
omies and flexibility are the chief 


advantages of this new proces 
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ee 
LOWEST 


COST 
INSURANCE 


(ONLY 3/10¢ PER BRICK!) 


Assume the cost of firebrick to be about 
$175.00 per thousand. ”* 


Figure about 350 pounds of bonding mortar 
per 1000 brick 


Difference in cost between 2nd best mortar and 
SUPER #3000, the “NO EQUAL” mortar, is 
about $17.00 per ton, or 3/1 0¢ per brick! 


Only 3/10¢ per brick for maximum insur- 
ance against expensive joint failure and 
resultant down-time.* 


Only 3/10¢ per brick for maximum insur- 
ance against high maintenance labor and 
brick replacement outlay.* 


Using SUPER +3000 costs far less in the long run— 
far less considering the labor and material replace- 
ment necessary when or- 

dinary mortars fail. 


SUPER #3000, the “NO 
EQUAL” mortar, is the 
lowest cost insurance you 
can buy. WRITE FOR 
SUPER +3000 SERVICE RE- 
PORTS, TECHNICAL DATA, 
FREE SAMPLE. 


Cost of SUPER 3000 “insurance” "A TewLy supe 
is only 1/60 the cost of the brick! moatan” 
On carbon, chrome, insulating, ae aetna 
high alumina and other more ex- i eee 900 see 
pensive brick, “insurance” can be 
as /ittie as 1/200 the brick cost! 


SLATH 


124 WA‘L STREET + NE 
_ Sales Offices: Chicago, Ill; Cleveton 
Newark, M. ; 


Costable ond Bonding Refroctories; FURNACE BLOK 
Monviocturers of | Stenhets, Glock, Plastic ond OH) tncclation. 


tical =e en Meee 





PATHWAYS OF 
A PIONEER .-.. 


\ DESIGNERS 
AND 
BUILDERS 


MODERN 


1954 Unprecedented 
when installed, this huge 
(5000 gpm) automatic 
mixed-bed ionXchanger is 
still the world’s largest (in 
continuous flow rate) 


This power plant, 
where the big ion 
Xchanger shown 
above is installed 
furnishes steam for 
much of mid-town 
Manhattan 


Blazing New Paths in 
De-!I Developments 
IwT Mixed-Bed De 


lonizer in 1949, and automatic versions 


originated the 


of this high-performance equipment have 
been in use since 1953. The big one 
shown above delivers an unbelievable 
volume of water of “fantastic purity” 
(to quote the operators). For example, 
soluble silica in the feed water for the 
high-pressure boilers runs .01 ppm or 
less, and other impurities are unmeasura 
ble. Such performance is in accordance 
with design specifications and proposal 
promises. Such successful pioneering has 
paid off handsomely for later purchasers 


of IWT equipment. 


THIS EXPERIENCE 
CAN MEAN A LOT TO YOU 


If you need pure water for high-pressure 
boiler make-up or process use, or if you 
are considering the use of ion-exchange 
for purification or concentration of 
chemical products, be sure to take ad- 
vantage of IWT's 22 years of experience 
and vast array of specialized knowledge 
Call your IWT representative. 


ILLINOIS WATER TREATMENT CO. 
840 CEDAR ST ROCKFORD, ILLINOIS 
re 


Technical Book Reviews 


By John H. Cruise 


Any of these may be secured | 
y 


York 16, N 


Steam Power Plants 
By Chas. Donald Swift 
$11.50, 491 pages 


Phis book is divided into 20 chapters 
ranging from initial design concept to 
plant acceptance tests 

Subjects covered are design and pur 


chase, combustion plant personnel 


safety, operation and maintenance, wa 


ter treatment, cooling towers, con 
densers, turbo generators, electrical sys 
tems Instruments and automatic con 
trol are also covered 

This book was written by a member of 
a world-wide engineering and consulting 
service and his work reflects wide per 
sonal experiences 

It would be a handy volume for book 
case of the smaller consulting services in 
avoiding many of the pitfalls encoun 
tered in the preliminary, construction 
training, operating and testing periods 

The sequence from plant inception to 
The book is 


non-technical and is easily read 


acceptance is well done 


Radiation Pyrometer and the Under- 
lying Principles of Radiant Heat 
Transfer 


By Thomas &. Harrison 
$/2 00.234 pages 


his text is divided into six chapters 
general pnncipl t 
black body” and “‘non 


radiation 


ging from 
speciiic cases ol 
black body 
Radiation pyrometers 
ered and the text ends 
f references, charts and tables 


are fully « 
with a multipk 


Chis text 1s written for instrument de 
igners but it would also be valuable for 
classroom work because of the clear and 
comprehensive explanation of the radix - 
tion laws with their mathematical deri 
vations It would have limited use in 


ipphed engineering 


Internal Combustion Engines — 
Theory and Practice, Vol. | 

By Chas. Fayette Taylor 

$16 OO 514 pages 


his book can be described as the ap 
plication of thermodynamics to the in 
ternal combustion engine in its varied 


types 


Illustrative examples with accom 
panying graphs are used throughout the 


book for clarit 


Engineering Thermo-dynamics 
By James B. Jones and George A. Hawkins 
$8.50, 724 page 


In addition to the usual basic subjects 
covered in thermodynamics, the author 
has included such subjects as ‘‘combus 
tion chemical reactions’’ and chemical 
equilibrium, vapor and gas power cycles, 
refrigeration, binary mixtures and heat 
transier 

As stated by the authors this text 1 
written as an introduction to the bask 
principles of engineering thermod 
namics and is not confused by applica 
tion of practical problems. It is well 


written and is easily understood 


Chemical Process Principles—Part 
i 


By Olif. A. Hougan, Kenneth M. Watson and 
Roland A. Ragotz 


$9./>5, 96/ pages 


Phe fundamental principles of 


thermodynamics are presented in gen- 
with application to the 


fluids 


eralized form 
compression and expansion ol 
power generation and refrigeration 

Che application of these principles art 
ilso applied to the calculation of equil:! 
rium composition in both physical and 


chemical processes 


Standard Plant Operator's Questions 
and Answers —Vol. Il 


By Steve Elonka and Joseph F. Robinson 
$8 00, 255 page 


The subjects covered by this very 
comprehensive book includes diesels 
ir conditioning, fuels and firing, com 
pressed air, heat exchangers, gas tur 


I cooling towers, building heating 


nes 
lubrication, nuclear power and safety 

A table of U. S. and Canadian en 
gineers license requirements is also in 
clude d 

This is a well written volume for those 
ibout to apply for operating license and 
would be a good addition to any operat 


ing engineer's library 


August 1960 _ COMBUSTION 





Descale boilers, heat exchangers, 
condensers rapidly, thoroughly 
with safer dry acid cleaners 
based on Du Pont Sulfamic Acid 


SAFER TO HANDLE. Just pour dry acid cleaner based on EASIER TO USE. Simply pump cleaning solution from 
Du Pont Sulfamic Acid from easy-to-handle, fiber drum make-up tank into boiler. Often dry acid cleaners can be 
into make-up tank. No danger from broken bottles, liquid added directly to equipment being cleaned. No elaborate 
spillage or corrosive fumes with these dry powders. equipment or specially trained labor needed. 


CORROSION OF TYPICAL BOWER STEEL 


° 
@ 





° 
o 











INCHES PENETRATION PER MONTH 
2 ° 
N — 


Lenore 




















© 
° 


180° 200° 
TEMPERATURE F 


Inhibited hydrochloric (5% HCl, by weight) 
__... Inhibited Sulfamic Acid (7% by weight) 








LESS CORROSIVE. Sulfamic cleaners approach the NON-FUMING. Sulfamic cleaners produce no corrosive 
strength of hydrochloric acid, yet are far less corrosive. furnes, either dry or in solution. Corrosion in vapor spaces 
Excellent inhibitor stability allows their use at higher tem- of equipment during cleaning operation is eliminated, along 
peratures for faster scale removal with fume nuisance to personnel. 


E. I. du Pont de Nemours & Co. (Inc.) 
Industrial & Biochemicals Dept , N-2530 
Wilmington 98, Delaware 


based on Du Pont Sulfamic Acid, or mail 
coupon for additional information and names 
of formulators who offer these compounds. 


Ask your supplier for safer, effective cleaners b 


Please send me [] sulfamic acid general equipment cleaning 
bulletin; [1] names of formulators offering cleaners based on 
sulfamic acid. 





Company 





4ddress 


®t6 us pat off City State 
BETTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY Mn ee ce ce me ce ee ce ce ee me ee ee ee ee ee ee ee we we we we we we oe od 
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CORROSIVE “GASES. 


—| SHORTENING. fan ve 





}—1_| eo 
SPECIAL — 








DESIGN — 








RUBBER- POATED - 


FANS 








_ THE ANSWER! / 





CAN BE , 

















Whirlex Special Design Fans and Dust Collectors offer a 
wide variety of specia atings and linings. Metal life 
can be extended many times even under severe corrosive 


conditions with proper application of special linings. 


WHIRLEX offers many unique fan 
design features. Write for fan 
bulletin + FDI. 


Fly Ash Arrestor corroration 


205 North Ist Street — Birmingham, Alabama 


420 Lexington Avenue 
New York 17, N. Y. 


1355 Market Street 
San Francisco 3, Calif. 





Dust Collectors @ Induced Draft Fans @ Forced Draft Fans 
Exhaust Fans @ Self Supporting Stacks @ Duct Work 
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Pipe one device for 
double protection 


and add alarm for 
approaching low water 
level if desired... 


Reliance Levalarm EA-100P 


Using but one water chamber — one set of pipes to boiler 
— this new Reliance Fuel Cut-out and Alarm control gives 
you two efficient devices in one. 


At one end (right hand above) a positive float-operated switch cut-out; 
at the opposite end, an electrode-type control using U.L.-approved 
transformer-relay hook-up — completely independent of the float-type 
control but employs a common water chamber. 


Check these possible use-combinations of the Levalarm EA-100P: 


1. Dual fuel cut-out control 
2. Float-operated fuel cut-out and electrode-operated low water 
level alarm. 
3. Electrode-operated fuel cut-out and float-operated low water alarm. 
4. Float-operated fuel cut-out and electrode-operated fuel cut-out 
and electrode-operated low water alarm. 
This Levalarm is the convenient answer in cases where two independ- 
ent fuel cut-outs are required. 


And this Levalarm provides outstanding additional safety to the 
operation of factory assembled boilers. 


Write today for full description of this new safety device. 


The Reliance Gauge Column Company « 5902 Carnegie Avenue « Cleveland 3, Ohie 


BOILER SAFETY 
DEVICES 





How to Evaluate Cottrell Precipitators 
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INLET AND OUTLET 


1. Electrical Sets should be arranged and rated to 
suit best the requirements of a specific job. Since 
electrical conditions can vary widely at different parts 
of the precipitator, it is good design to include several 
electrical sections in series, energized from separate sets 
so that each section may be energized as needed. Sets 
should be sized according to the amount of power the 
precipitator can absorb. A large excess of installed 
power, which will never be absorbed, means inefficient 
use of its equipment. 


3 DIMENSION MODEL 


2. Gas Distribution. Remember that gas distribu- 
tion, gas baffling, and provision against hopper sweeping 
all have a large influence on collection efficiency. The 
gas flow system should be analyzed as closely as 
possible, both in the precipitator and in the associated 
duct-work. If in doubt, have a three-dimensional gas 
flow study made. Two-dimensional gas flow studies 
are not as accurate and may lead to erroneous conclusions. 


The point of all this i. tha: <0 many 
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3. Rapping Intensity. Rappers should have easy 
means to vary the intensity of the blow to suit vari- 
ations in operating conditions. A pre-set intensity set- 
ting cannot possibly give proper rapping over the 
normal range of operation. If too soft, build-up will 
occur which will disturb electrical conditions. If too 
hard, there will be reentrainment. Means of intensity 
adjustment are necessary to avoid drop-off of pre- 
cipitator efficiency as conditions change. 


OPZEL DESIGN 
SMOOTH FLOW—EVEN DISTRIBUTION 





ORDINARY DESIGN 
POOR AIR FLOW AND ENTRAINMENT 


4. Baffle Design. Careful attention to the design 
of baffles on the collecting plates is most important. 
Small amounts of reentrainment mean tremendous 
differences in over-all collection efficiencies. It is seen 
that the “quality” of the collecting surface is far more 
important than quantity—quantity (sq. ft. of surface 
or treatment time) in itself is not a criterion of 
performance. 


Research-Cottrell, with over 1198 


factors enter into evaluating an electrical precipitator that you years of combined engineering skill and 


should consult with the leading manufacturer—Research- 
Cottrell 


experience, is the undisputed leader 





Research-Cottrell @> 


RESEARCH-COTTRELL, INC., Main Office and Plant: Bound Brook, N. J. ie ll 
204 Representatives in principal cities of U.S. and Canada 
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BEACON 


Here are some facts that may interest you as 
a buyer of coal for power plant use when you 
are seeking a dependable source of supply 

Our yearly productive capacity is in excess of 
10,000,000 tons. We can meet tonnage require- 
ments of the largest user, and adhere to the 
strictest time-table on shipments. 

We produce, in our fifteen active mines, a 
variety of coals with a complete range of analyses 
We can thus satisfy the most exacting specifica- 
tions and furnish the fuel best suited to your 


yarticular combustion equipment. 
I {ull 


EASTERN GAS AND FUEL ASSOCIATES 


Pittsburgh + Boston + Cleveland + Detroit * New York 


Norfolk 


SOALS FOR ELECTRIC UTILITIES, 
industrial and Commercial Uses 


We maintain a central coal laboratory, supple- 
mented by quality control labs at each of our 
larger mines. This assures conformity to standards. 

Our representatives are trained combustion 
men, who can understand your needs, and work 
intelligentiy to meet them. Inquiries and follow- 
ups are expedited by our teletype network, which 
connects sales offices with all our major mines. 

Doesn't it seem reasonable to think that our 
product plus our service can bring you something 
extra in filling your fuel needs? We'd like to dem- 
onstrate that it can. 


Philadelphia * Syracuse 


For New England: NEW ENGLAND COAL & COKE CO. 


For Export: CASTNER, CURRAN & BULLITT, INC. 





A new mark for a nation-wide 


cleaning service... 


New mobile foam-cleaning equipment cuts cleaning costs Cleaning missile lines and components requires tolerances as close as 150 microns 


DOW INDUSTRIAL SERVICE 


Industrial Cleaning. Dow Industrial Service, now a 
separate division of The Dow Chemical Company, offers 
the only nation-wide chemical cleaning service for 
virtually all types of industrial processing equipment 
This is an expansion ol ( ( : service developed 


over the past 0 \ rs \ currently servicing 


plants as we is doing spec ining jobs for 


both large and smal 


Dow Industrial Service research in industrial chemica 
cleaning has developed specialize mobile equipment 
ind techniques, some of which are pictured above 
These highly efficient techniques e improving plant 
productivity and reducing lipment downtime | ill 


industries using steam genera rs, condensers, Neal eX 


changers, towers, water and product lines, water wells 


id tanks, or similar process equipment 


Product Sales and Service. The sale 


DOW INDUSTRIAL SERVICE 


‘ 


oducts. screntificall formulated to be of 

specific industrial processes and to give the nec- 

essary technical service in their use, is the job of 
Product Sales and Service. Purifloc® N17 is an out 
Standing new flocculant cleared by USPHS for use ir 


potable Nate 


Laboratory Service. Because of the rapid development 
of chemical products for the unicipal and indust: 
waste ind water treatment if Dow Industrial 
Service will take on the service-s g of those produc 
Also, a consulting laboratory rvice for municipa 


industrial waste and water treatment is provided 


You'll find Dow Industrial Service offices and stations 
with specialized cleaning equipment and experienced 
personnel in all major industrial areas. For more infor- 
mation, write to Dow Industrial Service, 20575 Center 
Ridge Road, Cleveland 16, Ohio. 


Division of THE DOW CHEMICAL COMPANY 
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